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Executive Summa~~

This report describes the results and recommendations derived

from an extensive survey of existing human performance models and

modelling approaches applicable to the design and evaluation of

large—scale command and control systems. The focus is on models

derived from a control— and decision—theoretic framework , the
modelling literature in human information processing, and the
collection of models and data—bank formulations originally derived

from the reliability and network—simulation literature .

The most successful modelling efforts seem to have grown

out of situations where formal models of the task environment are

well developed , such as in feedback control tasks, detection
tasks , and well—defined probabilistic decision—making tasks.
Further , in these areas, the most success fu l  of these models
arise when the researcher can express formal criteria of optima l

performance as reflected in the optimal control formulation of

manua l  control or the ideal observer in target  detect ion and
recognition tasks. These observations emphasize the importance

to successful modelling efforts of being able to express the

goals and success criteria used by human operators in formal

quantitative terms. One difficulty for modelling behavior in

more complex procedural tasks a r i ses  f rom the i nhe ren t ly mul t i -

dimensional , multi—leve l, time—varying array of criteria arid

strateg ies that  an operator applies in accompl i sh ing  those ta sks .

It is in t e re s t ing  to note t h a t  the o p t i ma l  cont ro l  model

and those i n f o r m a t i o n — p r o c e s s i n g  models  dc ’r i  ved from a d e c i 5 ; i o n —

theore t i c  f ramework  are m u t u a l l y  c o m pat i b l e ;  lh i s  u ;uqge~;L ~ ; th e

p o s s i b i l i t y  of i n t eq r at in q  and q e n er a l i  zin t h e m  to p r o v ide  a

s ing le m o d e l l i n g  framework tha t could be apl)1 i ~‘(1 to vc’h i el e

I
•1 

V
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control , supervisory monitoring , surveillance , signal identifica-

tion, and decision making , a l l  of which  are tasks of m a j o r

in teres t  in m i l i t a r y  system design and e v alu a t i o n .

In the area of i n t e l l ec tua l  per fo rmance , however , mode ll i ng
e f f o r t s  have not produced p rac t i ca l ly  u s e f u l  resul ts, e i ther  in
areas where an explicit algorithm might be specified or w ith

respect to general problem—solving performance , where a wide range

of performance strategies are avai lable .  To represent  these kinds

of performance wi l l  require  either s t r u c t u r i n g  the problem so
that  resul ts  are not sensi t ive to d i f fer e n c e s  in s t ra tegy  or
resorting to atheoretic representations derived from empirical

measurements  obtained in the spec i f ic  task  con tex t .

In addi t ion to the s u b s tan t i v e  reviews of model l ing  approaches ,
several methodolog ical issues have been iden t i f i e d:

(1) The problem of validation of models of the scope considered

here is a d i f f i c u l t  one , r e q u i r i n g  f u r t h e r  research.

( 2 )  Models exist at many d i f f e r e nt levels of s p e c i f i c i t y .  A

subs tan t ive  issue concerns the i d e n t i f i c a t i o n  of the  level

of specificity at which to define a model in r e l a t i on  to

the goals of system performance prediction desired. Depending

on the level of spec i f i c i t y  tha t is appropria te, one must

consider whether  to t ake  a top—down or a bo t tom—up appro:~ch .
A top—clown approach l~~ qi n~- w i th  goals  of p e r f o r m a n c e

p red ic t ion  and r ep resen t s  p e r f o r m a n c e  onl y cl own to 3 ovc’ l

required  to ;‘icet these goa l s .  A bo t t om—up  approach  b u q i ns

by d e f i n i n g  t h ~ ci e m e nt a l  co :r ip c)nenNs of hum an p er f o r man c e

and syn L h c s i  ze~; thL -d into a rncnicl IhaL predicts the des i red

aEI)ectc of per io r in - in ce .

\- ‘

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —— - .~~~~~~~~~~
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(3) Botto;~—up approach es to m o d e l l i n g  continually iace the i~;sue
of how to combine s u b — t a s k  or task models in t o  h i g h e r — l e ve l
s t r u ctu r e s  in such a way t h a t  the pet ent ia l  i n t e r a c t i o n s
r e s u l t i n g  f rom the i r  c o m b i na t i o n  are accounted  f o r .  Addi t ive
combi ;n ~t ions of component  response t imes and m u l t i  p l i c a t i ve
combinat ions of response accuracies  are f r e gu c u it l y  no t  va l id ,

— and the i r  app l icab i l i ty  must be eva lua ted  in each new syn thes i s .

( 4 )  The cu r ren t  s tate of theory and u n d e r s t a n d i n g  of human

Performance  is inadequa te  to represent  many k i n d s  of

behavior observed in real  task s i t ua t ions .  The model

developer is left with many arbitrary parameters that must

be d e f i n e d  on the  basis of observed p e r f o r m a n c e .  When the
number of such f ree  parameters  approaches the numbe r of

pe r fo rmance  measuren to be predicted, the predic t ive  power

of the model is severely compromised.

On the basis of our review , recommendations are in t roduced

for f u r t h e r  research and development of large scale systems

mode l l ing  e f f o r t s .  These recommendat ions inc lude :

(1) Development  of a t e s t—bed  facility in which to c’:aiunte

a l t e r n a t i v e  model  f o r m u l a t i o n s  of common t a sk  e n v i r o n m e nt s  and to

conduc t empirical validation studies to compare model predictions

wi th  ac tua l  human pe r fo rmance .

( 2 )  M e t h o d o l og i c a l  research on ( a )  t he  i m p l i c a t i on s  of

combin ing  s u b — t ask  or .informa Li on processing conponceit i~-edelu on

system p e r f o r man c e  in the  acjqrcqate, (b) val i~ 
— t in of  l a rge  sce le

s i m ul a t i o n  models, and C c )  d c - v o l  op;r u t  of qu idol i nc :; fo r  t h e

accep tab le  number  of f re e  pa ra ine t - i~~~ in u se f u l  peed Ic t ire  mod ]

~i -j

I
_ _
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(3) I r e ]  
- 

I u i  t her m ‘ L~_c~~ - ‘~~ uj ’ o~ -~~t in  top i.c -n l a r e - u ’ ;

of  h i q h  p u i c i u i t y  f o r  r eI . - u i t a ~ i o n  of ce; ;tLOH ani con t r o l  ~n1. ;l - r n .

Two such area:;  are  s u p e i v  L u t u r e  c o n tr o l a:id  :0 it O C l n çJ  a i d

the prod  i-c Lion of t eam per fo  : m a n c o  o~ the brie i s of porfor :- ICO of

i n d i v idu a l  team ir - ca i~h e rs .

( 4 )  Advanc ing  the s t a t :o — c i ~~— t h e — a r L  w i t h  respect  to the

spec i f i c  m o d e l l i n g  approaches d iscussed  in I h a  bod y of t h y  r e po rt .

From an overa l l  perspect ive,  we bel ieve  t hat  i n t e g ra t  ire

models of human p e r f o rm a nc e  coopal:ib le w i t h  t h e  r ed 1u i r v l m~:i t .s  f o r

represen t ing  command and cont ro l  system performance do not e xi s t

a -t the present  t ime . Wha t  is a vai l a b l e  is a c o l l e c t i o n  of

component  models and m o d el l i n g  pr i n c i p]  es f or n uin t e d  in a va~ .ic’t y

of f r ameworks, w h i c h  ! ;u i q h L  be drawn t o g e t her  to b u i l d  an ecl. c’c t i c

model fo r  p a r t i c u l a r  task  s i t u a t i o n s  of in t . er e r t .  On the b a s is

of our pr esen t  level of uuic l er s~ and ing,  a ssemb ly  of the  co;; :ponon t~;

wi l l  ca l l  for  s u b s t a n t i a l  e f f o r t  and is 1 Lkely to require l e m y

assumpt ions about p a r t i c u l a r  aspects of p e r f o r m a n c e .  TI  one is

to have c o n f i den c e  in the  p r o d uct  gene ra t ed  in t h i s  way, several

i t e rat i ve  v a l i d a t i o n  s teps w i l l  be r e q uir e d .  

~~~~~~~~~-.-~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —-— -~~~~~~~--.-
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1.0 INTRODUCTION

The Systems Research  Br a n c h  of the h uman E n g i n e e r i n g  Di v i s i o n

of the Aerospace Medical  Research D i v i s i o n  (SI-tB ) has u n d e r t a k e n  a

long—term program to develop and c:-:ploit s i m u l a t i o n  and rnod~~l l i i u cj

technology in the design and eva lua t ion  of l a r g e — s c a l e  systems .

In support  of th is  goal , BBN has i n i t i a t e d  a three-year  program of

research to examine ex i s t i ng  huma n per formance  models and approaches

to model l ing performance and to cond uct s tud ies exploring poten tia l
ex tensions of th is  technology.

Our goal is to develop the beginnings of a handbook-like

document that would be useful to systems designers and analysts
embarking on a systems modelling effort. Our research program

assumes tha t  computer ized models of the system under  cons idera t ion
are to be cons t~ ucted , and that these models will take into account

the behaviot of che human operators i n t e r ac t i ng  w i t h  the syst em.

By exerc is ing these niodels , systems eng ineers wish  to predic t  the

e f f e c t s  of changes  in system paramete r s  b e f o r e  proceeding to full—
scale s imula t ion  e f f o r t s  and the operational evaluation of prototype

Systems.

In the f i r s t  y ear  o f t h i s  pro~;ra m , we h ay - fo c c cv-d on Lh n

review of p o t e n t i a l l y  relevant mod- -is mid on the ic -nt i l i c r u t ion

of issues in model c levo iopmenL and app1 i c-cu t i on tTh cP  niny i i ,  i re  an

impor t an t  i m pac t  on the su r r c - 0 5 ;  o f  ou ch u - e d - P  l i e - ;  I f or t o  . 1 n

the second and third vent:-, v ;- ‘ i - - - to c on d uc t  ur - ‘dci l i i i - :  o t  uP i c - ;

in collaboration w i t h  } ) - r u3of l f l ’l Of Pb:; i c  ~- ‘ - -- - l o i -e qua-i t - i ‘ c i t

and in de ta i l  s eve ra l  ke~ i : ;uc ’ n a ~~~~~~~~ 1 dov -  l op r; - n i  .

I

~ 
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This doc um en t  r e p r e s e n ts  the  f i n al  re o rt  of the f i rst  y - : -ar
of e f f o r t .

1.1 Background

The current state of methodoLogy for th e devolopo’nt of

large—scale, multi—man command and control syste; s, parti cu l  er l y
tac t ica l  systems, i.s largely an a r t .  The des igners  fori -ciu l u te

goals and system object ives .  They examine the available technoi-a-;v

and produce a conceptual  desi gn t h a t  spec i f i e s  the ro les  of
hardware , sof tware, and human  resou rcos. They then procec-ci to bu tic ]

ei ther  a manned s imula t ion of the basic design or a I r o totype
system tha t  can serve as a test bed for  e v a l u a t i n g  the  approach and

for  explor ing al tern at ive imp leme n t a t i o n s  of the bas ic approach.
hIED has pioneered in the a p p l i c a t i o n  of the s i m u l a t i o n  approach  for
three d i f f e r ent Ai r Force Systems, BU TC , AWACS , and Remote ly
Piloted Vehic le/Drone  (BP v)  C o nt r o l , and has demons t r at ed  the
f e a s i b i l ity  and co:;t e f f e c t i ven e s s  of preceding  the p r o t o t y p e
development ph~i:;e by a s i m u l a t i o n  phase in wh i ch f o r m a l  exper  I

of d i f f e r i n g  i m p l e m e n t a t i o n ; may be u n dc - :t ak e n .

BED is also ice d: i ng ahead to t he  possibt ii  t y  of f u r t he r

e f f i c i e n c i e s  in ny: t dove]  op - i c - n t  t h r o u i - : h  the  use of f u l l  COi i ij )U  or

model. 1 i ng of the h a  rd- -.-c ’rc ’, eel t:wore, and h i e m a r i  pcrforu- : i uce componen H;

of new sys 1:. - in n  t h it  ~
- e-~u id pe ni  i t  des i gn t r a d e— c  f f  st t iP  ies to I

u n d e r t ak e n  i t t  v a n c e  c i  f u l l  — ec a  1 n m a n n e d  s i t u i l  i t  i on .

To t l i i  - : .  t l h - ~- h ave  d c - r e 1  ~ ; - d  t l i i  P/c I PT s i t n i u l a t  ion  1 a i c ; u u c t ~~- ’

(Won n un , (-t . i i  . , 1 )7- ) , ci  i u ia -~~L of  GAPP that lit- ;  U -en — -c i i i c a i  i y
doe i q c - ~ ci I o u- - - I t p - ;e I t - I 1- ;  - ; -  t h e  ~J - I it I \ c ’ ~~:1; - I I t i -

of hu nuitu ~t - ’r fn r uu.u;ic - - en ~-,- - i ~~~~ i - . ; t o  .i~~t - q r a t , ~ (] l O C t 0 1  - - an d  c e i~ u i : : —

ens var i - ibl o i t- - 1 :; I ii - i; I ii 1 -  i I 1~ u I I ( i t  1 ~~ ii - ; a a q . T H u r  t bi r

Ire t U 1 - ’ 0 PA I P1 ’  u :; I c- - ‘a ; - - 1 ~i id ii I c  i t l i e ’ i t i on ~ :;o it  v i ’  e



P~ej oi L N o .  3 4 4  (- J ; n l  f I - c - u  a u - - P  a n t I  Nc  -c - -’:n a u t  [n o .

(~~ c t t  i ncj sm tern that. ~:rrn L t :s c c i  :.;y 1. - cu:a ; I t  tion front ci fl os-; oh ~: t

re~ - eceen ta  t: ion of  t h e  sys t  c-i to a c c n n ou t e  i—co-P c-:] model

The basic eppro .  t c h  to modelling r e p r ese n t e d  in SAINT and
other  ev e nt — o r i cn t c - cI n i o d c l i i ncj  languages  is to am ~ci lyze thc -  sy s te m

f low  cha r t  in to  a s e r i e s  of procceses  re la ted  to each othe r
through a cont~ nqently—brnnch ~ng s t r u c t u r e .  For each process, the
nec:cssnry i n i t i a l  cond i t ions  for  process act i v a t ion are s p e c i f i e d .
Then a spec i f i ed  d i s t r i b u t i o n  of comple t ion  t ime s and a

orobab~~l~~ty of s u c c e s s f u l  c o m pl e t i o n  is as s i c ; n e d  to t h e

process. These parameters of each process may al so be modi fieci
c o nt i nge n t l y  w h i l e  a s i m u l a t i o n  is in pr o-~ress .  Each time the

model is exorcised, a particular sample  of each random v a ri a b l e  is
chosen and the contingent: effects ore as ;esnuci so t ha t  a u n i que t r a ce

th rough  the m u l t i — pa t h  f low chart is c o m p l e t e d .  Aqqreg a ted  values
for complet ion t ime ccci p robabi l i t y  of comple t ion  are then
derived f rom r ep ea t ed  r u n s  of the s i m u l a t i o n . Th e mod el is

exercised s u f f i c i e n t l y  to accumulate r e l i a b l e  s tat i st ~ics
for  the ma jo r  dependent  variable :;  u nde r  s tud y ,  and it is
these s t a t i s t i c s  that  are the  outpu t of the  m o d - t i .

The u s e f u l ne s s  o f  SAINT and of the  m o d ” l l in u g approach to

system design  h ave  been explored in two in-n ~or mod~ -l i i rig stud i u- s.

A model of a 3—man AWACS surveillance sys t em was built U:; I W T  SAINT

in parallel with the  ccci; i clt ;tb i e m ann- cc ]  :; i ii!  in I: i on of the n v ;

(Ni tls , l~~76) . It wa:; shown that a ‘.‘ - e L f  I i  i - Oc t c o u l d  be

ohtcu i tied t o de: ;-;nibe sy s t  ~- ;n pc - u  f o i u ; n n~ t o r  t~~ i 5 i ) C c j  1 i  ( ‘ o l i d i  I l o u t ;

u n der  ; L u i - l v .  i i ow ;ver , u q r ~-~P d c - e l  of c - I  f o rt  t ed  an  e s t  i nle t - - 1  50

L t ~c- I7l t 10115 of ti ino -1~~1 for m anti }~~~~a:~~- c - i a ;  Wt iO r i - pu i r ed  to
it and  to ~ u 0d U C t  - no I. s f -c t o r y  u n a t c h u c ; 1 o t lie n m u  1 at i o n  d at a

1-’tm r t hc- I i t w :1 m o w n  t~ Ii i t  t N - im 1( 11 - 1  c l i  P n o t  ecu  - i t  1 i :: e V u  - t y  v. ‘1 1
t o  ~~it ’d iy t group -1 e0 1 ~~~~~ ‘- :h-ei !‘:ir- t : n : Lo u : ;  i’- ; c ( ’ s c - ll t - i u :  t i m , ’
f i  or : - : ’ ’ ; 

~ - :  o f  i :  d r - P _ i  O~~c :  i ‘ - m u - i . ’ t i n - :  i i :  j - ; ci l a t i n i :  \ - a - t - ’ U : ;  ‘ - I .

- -  - -  - - - ~~~~
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In a second cup: ] icat ion , an ui )q rc ;dc :d \ ~i~ 5]  I in of  the SAT PT
l a iuq u cu ; -c war ;  use d to model  t hu  j -r  form-moe of t i i - :  i N t ~’/D rone Cent :  r i ]
System for  which  sc-va cal  m a n m m e d  s I ui; i i ut ion s’ :d i ca; h c iv ~ bc - c - n con :; I I - - I
(Wortman , e t .  al . , 1975)  . Wit: h a ~ ir:1 i l a r  lu r e of f o r t  to debug  a t i d  t u m u e
the para ;ne-tc :rs of the model , a success  f i m I r ep  c - .- ;‘~~; i  t a t  i t  in of Lii’ ’ n: i j or
sys tem pe r fo rmance  va r i ab les  of I:i ’V S y st em  Stc i c i v  I i  v a ; ;  obta ito-ci
(t-hills , Bacher t  , an d Aume , 1975) . A ;~t UI , alt ii-)uph qen-~- cal izit i on
was no b s p e c i f i cal l y  tes Led , cx:tle i nation of the n1o:P’l :s-1qosts
t h a t  it would not  be p a r ti c u l a r l y  usc - I n ]  fo- : de sign  t~ - aP o — e f f
s tud ies  because the icociel was not effec t i  v~ ‘ ly  :: -a P : i I c i r  I z-ecl t- o c u T  low
extension to new conditions without m a j or  a dj c i s t r n : - nt r ;  in i~ocie l
s t r u c t u r e  and pa ramete r  s e t t in g s .  It was n ec e s s a ry  fo r  the model
implementers to m aN e  too l i t e r a l  a r ep r e se n t a t i on  of p a r t i c u l a r
features of the situation in order to achiev e the s u c c e s sfu l
representation of overall performance. Said another way, the

processes model led were tasks  t h a t  inc lud ed c om p en en t s  of botc h
human and  mach ine  p e :r fo rr n n nce .  Chanq i up sy s te ms  v ar i a b l e s  vu  1

prod u,ce changes t hat  in t er ac t  wi th  huma n p e r f o r m a n ce  i n  new \c m y : ;

t ha t  are not — easi ly s -c-pa rab le  in the  model .  \‘.‘h ot lv -r  t :h- ’se
di [f i cu  i tt ies are inherent in the mode l l ing  ap p r o ac h  to donor i b i t t - ;
1c r - : - :  scale systems or  are onl y I ~r n i t a t io ns  of t he  e~

— - -c I ii C ecu - --: ;

undertaken thus far remains -to be seen. It does S- ’c:ui l  d c - c i t

however , tha t- f u r t he r  pm ~-oq r e s n  in such mode l]  i np w i l l  u’ uqu.i  i 0

f u r t h e r  developin en t of miic,clel l in g  met:hodology cotci  vcu l i c l a L i  o t  v. i Lb

s p e c i f i c  c it t en t  ion to the r ohn’esL -n t  at :  i o n  of h u m an  - - -r  f o r m : ~i0c  i n

such syst:c:s:; i i i  0 \- ;s, - L hu t  hci: - ; t he  p u L  - i t  I a I f o r  qc ’a t i r c l  1 i z 5 m 1 I d ~i 1~m

to n u t s - i c r  real  Syc ; i cS -n ;  U c - c H  ions . The mivx ]- lc, c c ) !  hu;m I - 1 1 i  ~~r i  [ t o  m t m I c ’

need to ha s t :r u c t u i c - -1 t o  h-c c o ; t o a t  ib ie  w ’ h  t h - ~ r ’ - - ’ d ’ f l ( - U t , t t  i C i l l  ( i f

t h e  n t u j o r  syn I c m : ;  V~~~’I  i b1 c-s of  i i  Lc ’r (  - L H t i:-:- eye t c tf l i : ;  do:; i p u t

Cflq 1 1 1 - S I ’ end n ot  S i c - ’] 1 u’;’i i - P - h - I  i m n ~’i c l  t h y  i n  r - :ce1~ - i s  f o r  t i m ’
m a j o r  t an k : ;  jar- -~~- ‘1.

- -*-“- - - ~~~~~~~~~~~~~ - - -
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Other laboratories (for e:-:a:~ple , Sandia , Naval Air  D e v c : l c 1 , —
ment Center , and Applied Psychological Services) have bee-n developi no

l a r g e — s c a l e  model l ing methodolocj  i cia with varyinf decrees of sirni lzurity

to the work in the Air Force. However , few ( i f  a n y )
• of these efforts have had available resources ecuivalent to the
— HED multi-man simulation facility in which mod els may be

exp l i c i t ly  compared and va l ida ted  aga inst  the r e s u l t s  of
real—time, manned simulations. Thus the Air Force has a unique

opportunity to advance the state-of—the-art in system modelling

technology.

It is to this end that Bolt Beranek and Newman has unde r  t aken
this program of research. During the first y e ar  we have examine-cl

the rather extensive psycholog ical and systems literature on
models of human performance. Our sources have included:

Psychological Bulletin
Psychological Review -

Journal of Experimental Psychology
Journal of Mathematical Psychology
Human Factors
IEEE Transact ions
International Journal of Man—Machine SLc:Iies
Operations Research
Proceedings of Annual Conferences on Nd: l ,u l l  Con t ro l
JANA IR Reports
Technical Reports on Air Traffic Control
Book s and Monogra phs on I n f o rma t i o n  Proce ss ing  M o d e l : ;
Misce l l aneous  Con t rac to r  and G o v e r n m e nt  i~eporLs

We have  s t rugg led  r epea t ed ly  w i t h  q u e s t i o ns  conc-ernii-i -1 t he

scope of :::ci clels a p p r o p r i a t e  to t h i s  r ev i e w  ar:d oval ti utiori . M o - i c - I : ;

e x i s t  at r a in y  d i f f e r e n t  l e v e l s  c f  fornetlity , r a n g i n g  from vo i l e : !

a n a l y t i c  s t a t e m e n t s  of principle:; to cloned—fern : m a t h i - : n i o t i c a i

solu t ions. The term model mean:; somethimtc i p - l i  t o  d i i  Fr - r i  - a t  t o  a

social psychologist than fe a pimys i ci :;t: 0’ e n p i m t eer in c i  d c - si g nor .

One can pr oc  I p i t ate ex bc-us i~ vc - p h i l  osoph i cal are cmnna t s by at t - L i ’ - ;

I 
~

-‘
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to d i s t i n g u I s h  a model  f r o m  a t h e o ry .  R a t her  tb-an att iript imip a

formal definition of a model, we have developed the fol lo;-;:i up

of criteria for deciding whet:hcr to include a particular r~od-c l in

our review. Several of these cr :iteria arc pragmatic. Other:;

relate to vihat we believe are the essom-mtiai characteristics ci

quantitative predict ive models.

1. Relevance. We are t a k i n g  as our p r i m a r y  def i n i t i o n  of
re levance the k i n d s  of a c t i v it i e s  requ i red of operators in th-•-

RPV com mand and control system. We be] leve this system is

representative of m a n y  of tb ’ characteristics of hi g h l y— i  n L or ct iVc~,

large—scale , mu ] ti—opceaitor eyet i - r i : ;  i i i  g e ner a l  and of a val:ieiy 01

tac t ical  command and c - -entro l eyn t : e i : s in p ar t i c u l a r .  We bel ieve
this  focus is not overly rvn ’•Hetive of the more general domain

of m a n — m a c h i n e  sysLem:~ of int -ror ;L . Sp- -oifically, we v:- - 1 t  nec-i: i ncj
models for the follow i ng activities:

a) Target det: t : c ’ L i o n  cuad identifi ion .

h) Suoerv i sory mod tin’inc; , display scanning, and

s u r vei l lan c e .

c) Target trcackincj and m a n u a l  control.

d) A l ph an um e r i c  data entry.
e) Gr aphica  I d a t a  cru try.

f )  Menta l  com p u t a t i o n , e st ima tlon  , ilfl(l ~irobc-ub il I ty

ass e s s m e n t .

g)  A i q o r i  t i r i i c  p r o b l em  so i .vinq .

2 . Q u i nt i t - i t : i ‘so P i e c i  ~e t~ re ; . i-~a r m y  mc d- - i s  euic- ~ um itur 1 i i

sciont i [ic journals i :- t v i c hc a : ; t - r u c t  i i r O  for a pm ’occ - -;:; or pta ip in -

hy p ot l i c - n i : : ;  c ihc ;ut  how an i to  F I viler shout id be r- -p rc-n ’; rt c-i , bu t  a ma-

not cei’ri - - i L h i - o u q h i  to t i n -  p o i n t  ol  nu ik i n g  ( i u r r l t t  I L i t  i \  -- pr - d i c e  c i:;

about obnc r v c tb l . e  ou t ; - a L s  or p c - r i o r i n ua ce  l t i i : d S l l  t — d - S .  Stic im m iuo ~1 -  I s  r i - : -

of i i  t- t~ Ii vol uc l o u  our pd epo:;--:;

_ _ _ _ _ _ _ _ _  ‘ -~~~~~~~~~~~ -~~- ~~~~~ -~~ - _ _ _
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3 . Coai c am t a t i o na l  C o m p lex it y .  Mc: e r r :  excluclioq from cons id re—
at :Lon models  whose computat iom ia l  coopl . ex i t - y is so grea t  as to
pr eclude prac t ica l  application to problc-: :i:; of i n t e r e s t .

4 .  Parameter  Det erm inat  ion.  In order for  a model to be
predict ive , its parameters must be d eterminable , e i ther a pr ior i
f rom other sources or from the const rain ts imposed by a p a r t i cu lar
application. A d i f f icu l ty wi th  many of the mod els ava i l ab le  in
the literature is that their paraceters, if spec i f ied at a l l , have
been determ ined only for a specific laboratory task and are

unlikely to generalize to other contexts. While we- hav e included
several models subject to this criticism , we have t r ied to point
ou-t the i r  l imi t a t i o n s .

5. Reliability . A model is re l iab le, by d e f i n i t i o n, if

repeated applications yield the sam e or substant i a l ly  s imi la r
results. It should be noted , however , that it is somet imes
diffic ult to judge the reliabiliLy of recent models , simply because

many of them have not yet had -the b e n e f i t  of repeated application.

6. Va l ida t ion .  Tests of the  v a li d i t y  of a model may range
from i n f o r m a l  demons t r a t ions  tha t  it produces reasonab le  r e s ul t s

to for mal tests of the goodness of f i t  of the mod el ’ s predict -ions
to independent  da t a .  We are c-:- :cluding f rom c on s i c l c -r at i o n  propo: :- - i
models for  which  no at tempts  at v a l id a t i o n  have  been mad :’ . Forma l
t e s t s  of v a l i d i t y , howe v e r , are I i  kel y to (rX i s t  o n ly  for  model :;
address ing  i n d i vid u a l  t a sks  or componc-n Le ci la: - in  p- - r i o r m n c u n r e .
For e va l u at i n g  l a rge r  scale sys tc ram s no~ie l  n , less forma l e va lu at i  on :;
may be the ;-:ont we can c-a~~ec t .

I
I
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Thus  our  goals  l tov ~ - bc - c- n  to id - - m i t  i~ l y pa i L cu]  ~ar  nia - Ic- lu t l m ~u t :

a re  s t i f f  c i e m i t l y  c :-p l t e i F  an d h ave  p r c - H s c -  f or  app ] i c i t  ion t o

mili tary uor ;: :cmnd an- i conf-  t e l  s y s tem  r: vi r i c : I l  immq act i vi t  u -s. In t h-

course 01 fbi s search we have a l so  soa !ht to  i d e -n t  i f y  I :;suee and
problems tha t l imi t  model  u s e f u l  ne:;:; and t hat  mus t  be addressed

if we are to achieve t:he bro-uler goa l of u s e f u l  m a n — m a c h i  no
mo-:lelling technology.

1.2 OutI m e  of Repor t

The r ema inde r  of this report is organized into four main  s c - c  L i on:;.
in Sec t ion  2 we hove p rov ided  a de t a i l e d  1and c r it i c a l  t r v L m I u ~m t i o n  o[

the classes of human p e r f o r m a n c e  models we have e x a m i n e d .  Tb -i :;

review is o r g a n i z ed  on the b a s i s  of va r ious  approaches to
m o d e l l i ng  r a the r  than the con tex t s  to w h i c h  the mod ; : ls  are

app l i cab le .  We bel ieve t h i s  w i l l  provide  a more coheren t  p i n - s c -n —
t a t i on  of the s t a t e — o f — t h e — a r t .  This  sect ion concludes  wi th an

exam:: i ncut ion  of the  i n t e r r e lat i o n s  among ex i s t  m g  fldOl L 1 l ii ;~ c- f T f o r t : ;

and an e v a l u a t i o n  o fT the gaps between need s and a v a il ab l e  m o d e l s .

In Sect ion 3 we discuss the  .i ssue:; and probi ems t hat  w - have

ide-n t  i f  :icd. in our rov~~cw of nmodc -:ls and mode i l  I nq npj)roa cl le : ;

Sectio n 4 describes r econ :mendia tj on s  for  f u r t h e r  r esea rch  t h at  is

needed t o  advance our obil~ ty t o  use modeli m g  as c m :e’st i - n  dos i g :i

tool. Fi na l ly, in Appen d  i x A we orovid - ab s t r act : ;  of the ma ceM-i ~
we li ::r— - f r ind that ~-:e bel ie ve  L ;ve  some ru m - u s u r e  of app] ic ;a lt ~ 1 ty

in til l- - n y ; ;  F c: : ; model 1 ng con I: ~ xt 
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2 . 0 CM i TICAL S U M V U Y  ANI ) RBVI 1 OF MODELS POT I-:N1 - IALLY U S l - T [U L
I-~Oi( SIT1UIi~TION MODELLING

2.  1 Pa ’ a B ouT : 1’or r : u~~:i t i  or;;

it :cr amr- evicLat d ur i n g  efforts in the early 1930’ s to
incorporate estimates of hu:.;en reliability into  e s t ima tes  of tota l
system e f f e c t i veness tha t  relevan t  h uma n per fo rmance data did not
exist in useable fo rm.  The f i r s t  a t tempt  to ex t r ac t  such data
f rom the l i t e r a t u r e  of general  an:] applied psychology and human
f ac to r s , and to represent  it in a tabular array useable by design
eng ineers , was conducted by Pay ne and Al tman a t t h eAm er ican I n s t itutes

for  Research (AIR)  in 1962 (see N e i s t e r , 1 9 6 4 ) .  Called “Da ta  Store , ”
t h i s  compilat ion describes th~ c h a r a c t e r i s t i c s  of va r ious  controls
and d isplays, the min imum times required to operate specified
controls, and the r e l i ab i l i t i e s  wi th  which  the  opera t ions  can be
expected to be ca r r ied ou t .

Since Data Store , there have been repeated attempts to

create data bases from which human performance times and error

rates can be extracted and utilized. A number of these , though
re la t ive ly complete w i t h  respect to s p e c i f i c a t i o n, have not  been
implemented (see , for example , Meis te r  and M i l ls, 1971; Verdi and
Smi th , 1966). Of those that have been implemented , some simply

represen t  ex tens ions  of the l is t  of e lements  conta ined in th e

ori: jinal  Data  Store whi le  o thers  exh ib i t  d i f f e r e n c e s  in basic
o r g a n i z a t i o na l  level of agg r e g a t i on  — that is , in the  d e f i n i t i o n

of what behavioral or equipmnent  level to assume for  t a b u l a tio n of

atc:lic events — or in task specificity.

Non e of the  dicta bank f o rm n u l a t i pns to d ot e  arc  meJe l~~ in  tM -a
seas-c  t h a t  we have used t ha t  t e rn  c- l sc - ~-~h :re in t h i s  rc-~ - or L . l h - y

do , however , represen t  a ch ie f  source of data  fo r  no de]  l i m - mq ~in J

s m ulct ion effor ts and , an a r c sul t , h~ave can imnj ) or t  an t  H o  ~ ‘ -  i m m e

i e vj e ’-.’ of the  h u m a n  p o r fo r i ; in : i c c ’  n : ou t ’ 1 1  i n ~ l t c - r c u t a m r r - . i n t h i s

sec t ion ~-: shall c l i sc uso  br cl l .y  some o fT t he  c ’h i r r - m c t - c- r i  st i c i ;  of
do t: ; b a n k s  an d  at t e m p t  t o  h i q i i l i r j n t  so :- - 1 5 : : ; e s  re m a tm; :  i n - ; t h e i r

fo - : - :u l a t i a : m  sic] c- :- :oloit ~: r t  i n :  .

p 9
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2 .1. 1 Performance Area ofT Con cern

Alm im ost  a l l  a t t empts  to create  d a ta  banks are lirtited to a

specific area of concern and , because of the  t ime , e f f o r t ,
and cost involved in developing and m a i n t a i n i n g  Lb ::., f~-w seem to
evolve beyond that original area . D a t a  Store wr ~s ori g i n a l ly
conceived in support of work jim display and control evaluation ,

and despite an interest in broadening its scope (see , for example ,

Altman 1967) , the formulatIon remains most useful when employed in
connect ion with  the ori g ina l  purpose.  The SIIERB (N a n d i a  Human
Error  Rate Bank)  system was developed in the con Le:-: t of an i nt e r e s t

in human per formance  in process—control  opera t ions .  The HERALD
data bank , developed by eng ineers at Loc}-heecl-Ceorgia , i_ s  l i n u i t e d
in interia~ t to ti-ic interpretation and oper a t ’on  of d i s p l a ys  and

controls by an aircraft pilot and crew . Ano ther  o:-;:intc le of t h i s

specificity is the f o r m u l a t i o n  by I r w i n , Lev itz , and Freed

(1964)

A possible except ion to the  gu i  ra li zatl oim t h : L  data  b a u M : ;

tend to be limiteci in their purview may be the system rr-cently

conceived by Blanchard (1973) for the Navy , which  ~:-auld , when

completed , c o n ta i n  twelve or more s ma l l er  b anks  includinq the

f o l l o w i n g :

1) Operational Performance Ilasel inc Data

2) Genera l  Human  M e ;  f t  i - -a imc ’e  C-apah i T t  i t y  D a t a

3)  P s y c h i o~ } l \~ ; ; ;  ol ocji cci i ‘~)aLa

4)  Pe r sonnel  Cost. i)ata

5) f l u m n c m n i~~~co-c r F ie: B i t  cm

6) O p e r o t i o i r n l  r -t ’c j ub -c-; - : - i t t : ;  i n l o r : u r ; t  in: ;

7)  Ecj u ipment  Rel  i cu b  l i l y  D i  a

8) M i cro—1 ] .ch  my  j o t  D o t  a ( c- -1’e r n.’ -mn n ~ ;- ; , i i c m n d  : c rvo rueu i t  , e t c .

9) Ma i n  : 0 ; ; -  n e  T \ c L  l v i  L y D r  t o
10) }1 m ucM-;ii - ( car;~ - - :: - i t t  a r i ~1 5 : t r - r i f i n o ~Hoim 1) c i ~
1~i ) Sh I : - l r r - i r d  M o n t  :~~i i : : - t  ;::d:: - ii i ! M c ; - 1 mm - 1) _ - t  a

1 2 )  m l i i : :  l i i  i ; - ~ j t i - - c ~ i I an ~; m r i - ! i r d : ;  m d  f l - - i  I ; e
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2.1.2 Data Base Orc~cmn i z at i o n

Two bas ica l ly  d i f f e r e n t  approaches hcoc been t aken  to the
design of data b a n k s .  One of these , exemp l i f i e d  by Da ta  Store ,
places prime emphasis on the hardware item -.-cith respect  to which
the behavior to be predicted occurs .  In t h i s  o r g a ni z a t i o n , a
given hardware item is analyzed in terms of its components  and

a performance reliability estim ate , est a b l i sh ed on the basi s
of a study of available literature or actual experimentation ,

is assigned for each componen t . A consecuence of

this approach is that the values on which the

prediction of performance at a task level is to be based exist

at a very molecular level in the data base and must be aggregated

according to some appropriate rule in order to provide the

desired predic t ion.  U n f o r t u n a t e l y, the n a t u r e  of th i s  “ appropr ia te
rule ” is f r e q u e n t l y  in d oubt .

An a l t e rna t ive  to the molecu lar  approach is i l l u s t r a t e d  b~- t he
SIIERB o rgan iza t ion. Here , the basic uni t  of analy s is  is the
task i t se l f  and the procedural  context  in wh i c h  t h a t  task occurs .

Re l i ab i l i t y  da ta  on s p e c i f i c  types  of errors  w i th  s poc i fic  types  of
equ ipment are collected under  such broad behav io ra l  task  desc rip -

t ions  as “ assembly , ” “ i n s p e c t i o n, ” “ i n s t a l l a t i o n, ” e tc.  Thin

organ iza t ion  has at least two consequences :  ( 1)  it helps  to
obviate the aggrega t ion  of mo lecu l a r  r el i a b i l i t i e s, a t
least  at the level of s ing le  t a n k s ; and ( 2 ) c x p - ar i m e n t a l  and
s i tua t iona l  f ac to r s  t ha t  may have b-c -en i m p o r t a n t  d e t e r m i n e rs  of

the  data  employed to estab l i sh  the  r e l i a b i l i t y  v a l u e s, and t hat
may or m ac ty not. be present  in  the c o n t e x t  of t he  t a s k s  to be —

predicted~ are more easil y accumulated and assessed .

I
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It. is i epo;s  ihl- : - t o  dec id ~ ob j e c t i v e - i ‘: cit t h i s  p o i n t  oh i ch
of these  t~- -o o r g a n i zat i o n s  i s  the be t te r , s : ace in f i t )  case of wh i ch
we arc aware has one been p it t e d  again s t  the o ther  in the  s o l u t i o n
of the  sante p e r f o r man c e  pr edi c ti o n  problem. * I t  may even prove
to be impossible  i i  such a c o n f r o n t a t i o n  were a r r a n ged , u n l u s : - ;  the
lat ter  a lso  took i n to  account  the  ch a r a c t e r i s t i c s  and t ra  i n i n g  of
d i f f e ren t  popu la t ions  of users .  it may ho the : case , fo r  ex a r . n i e ,
t ha t  the m o l e c u l a r — t y pe  o r g a n i z a t io n  in more “ n a t u r a l ”  and leads
to more successfu l  e x p l o i t a t i o n  by the  h a rd w ar e  and system:-; eng i-
neer ing  communi t i e s  and tha t :  the m o l a r — t y p e  is niore “ n a t u ra l ”  and
exp lo i t ab le  by the hum an  e n g i n e e r i n g  c o m m u n i t y .  To the e x ten t  tha t
t h i s  is the case , it would  seenl appropr ia te  to exp lo i t  c u r r e n t
method s for  s tor ing  data  in min ima l ly const rained cctepu M e  c f i l e
struc tu res  and for  p rov id ing  access by wh a te-.-ur  i n te r r o g a t i o n
conventions are f e l t  by a g iven  user  to be most p r od u c t i v e .

k~~11 n0 -mao -1’ In - a n- t : - : b-:r ol re i: -;on:: b r  t h i s .  D i e -  i:; 11; -’ iOt~~ t h a - ,
as we- r ; oL-d  e a n l i c - r  , mo: :t d o l . m  b: r ;ks ar e  corroi l ed  f or  the l ) ~~’1-n: - t ’
of c mn : ;w a r r in g  que:-:; t i on - : i n  a t ;p eci  f - i c pci Fore  n i n c -  ar c - cm a m i d  i m ive
lit t i  e c-: ;ouqh i i ;  (‘ -a . a : - n i i  L i : ,  F a ci i r ect  ce :p ni  s - n m  w a u l  ci be
irmapp tc~ari ate. A sc- -ai:d is th : -it  L i m e  LyI)iccu~ i r i s -n t  us  fo r
developing  ct new t o n r : u f  ai lon :~ cli  : ; ; a i t i  :;ia c-t iomi wit h an o ld  e m ; - - .
From one point: of v i - -w , th en , tim e de. ’ i  tal on - .; t o  w h i c i m  i _ s s a l - - n c r
ho:; al me - L y beau m a l e  by L i : ; -  I ju t: - time cM- .eqn of t h e  r c - I - l c l c c  - - at
iS C f l t 4 t l e L ( ~~, a m i d  t i - i -  i !i~~ i - -  l i t  tIc’ :iulc(-flti\’o to c on d u c t  c m

if ivc-  c - v m l m m n l  i ::.
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2 .  . ~3 Data Bane Con Lent:s

All  of the m o d a l  f o r  ;.,hj ’~h c ur r e nt  data b-e;ks are

po ten t i a l l y  u s e f u l  are concerned wi t h  p r e d i c t i ng  the r e l i a b il i t y

w i t h  which  the human  opera tor  w i ll  p e r f o r m  s-ceo a a s i c J t a - l t e ak

or set of tasks . Some: are a l so  collcc2rn ecj  w i t h  the time taken
to per form the task .  As a consequence , most  dat a  banks con ta in
both reliability and completion time information , either in the
form of point es t imates  (expected r e l i a b i l i t i e s, min imum or
expected t imes) ,  the observed d i s t r i bu t i ons,  or paramet r ic  daLa
f rom which distributions can be derived .

Though there are few d i f f e r e n c e s  among designers and users
regarding the most u s e f u l  ways to represent  temporal  i n f o r m a t i o n,
there is some controversy sur rounding  the  nat ure of the  most
appropriate reliability statistic. As indicated in the summary,

AIR Data Store contains, for each task element  de f ined  in the
- 

data base , a point es t imate  of th~ p robab i l i t y  tha t  t h a t  t ask  c : l e im:cn l .

will be performed correctly, defined as un ity m inus the ag~~reqated
er ro r  p robabi l i t i es  obta ined from the l i ter . ut cr e .  F’u r t hor , it
contains , for each cr i t ical  v alu e  or r ange  of values for  paramet e r s
associated wi th  the equipment  u sed , a po int  est i mitate of t i m e

p robab i l i t y  t hat  the parameter  v a l u e  wi l l  lead to succes s fu l
performance. In this f o r m u l a t i o n , then , r e l i a b i l i t y  is d e f i n e d

simp ly in terms of probable success w i t h o u t  respect  to t im~~.

In som e app l i ca t ions , the r at e  at  w h i c h  errors are i~~- ca 1:;c- --d

is of c r i t i ca l  concc-rn , and  t her e  in a d es i r e  to . i n c l m h l e in  t h e
d a t a  base some ind icat  ion of “ f a il  u ; c - r at e ” nh:; i 1 r to th at  de i m e - d
with respect to hcmr d~- i i  re oper a F ion . As Swa in  ( 19 7 0 )  1’ - ) i n t - -~ o u t ,

such d a t a  tend to be c i if  l i eu  it  to c 0:-la It - ,- si nt - k : in most oF he~ i mi-n

ap p i I c ab le  f i e l d  s - u 1  ie~ ( c - . . , i i i  t I: - c t :  ~i (JU l i . i F v  n a t i r a t o - - - )

t h a  i t P i m : n y  i n t m - ’ e s f  is in e r m o r s - : n - r  u n i  : I :- ‘~~
- . ‘r i t e  : ; j t — m i  ~~~~~~

much f I t - -  S eta w i t h  re: h’ - c t  t o  l . u I orcd - a \~ a-~ t a , n nc~ l : t - ; t  i m v & - a t  i —

(;

~

; Foi . ; r ( -~~a r t  pr-i f o r i n n r - t - i n  I - r : i c ;  c f  t o t , ; l  i - c : I n - u  of  ‘ O l S O S S  per

c :-: p~ 
- r :i~ a: or i - - :  : l t ’ - l  i i i -  - f l  Li 1 t

- I 
- .~~~~~ - -  ~~~~~~~ - --- - - ——~~~~~
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2 . 1 . 4  P r e d i c t i ve  : : cur ocV an a F u n ct i o n  of PoeM-a r or  P ara l :e i t :r r s

A l l  I l o d e l  ire: t c :chn iqu en  t h a t  bog i.n by a: t i e  lv z i ng  t - l ;c: p a r —
— formn cma co of a q i- .- -~ n task i t t  to d isc r et e  ac t iv it  h e m -; of the sort

r e pr e s e nf e d  in  Pa Ma Store must include some ruLe for r~-—
s y n t h e s i z i n g  those m - a a l e c u l c m r  act iv;i  ties i n t o  a more m :cc l ar

e n t i t y , poss ib ly  the  ori g inal  task  i t s e l f  or an even h i g h e r —

leve l ag g r e q ’mt e  such as a to ta l procedure  ma de  up of n t a sks .
As we have no Lcad , the ru le  used most  o f t e n  is the s imple

produc t rule , in which  r e l i a b i l i t i e s  assoc ia ted  w i th  m : r) l e cula i r

activi ties are r avl t i p l ied toge ther  to achieve  an e s t i mat e  at

the des i red  level  of aggrega t ion.

It should ba clear f r o m  our discussion tha t  the r e l i a b i l i t y
(and t ine ) va lues  t h a t  appc -ar  in human pe r fo r :i i auuc e  d i  t am banks

represent  app : - ; )x imot ions  and “ b e s t  e s t i m a t e s , ” and , as suc h ,
fl]~~ be i n c o r r e c t  fo r  amm y given appl ication . One m i g h t -  expect ,

then , t hat  if  t M - se va lues  ar e  a : l q r e a r ; m  Led w i t h  the  p r o d u c t  r um 1 e

the accu racy  of t im- r e s u l t i n g  es t itm i to- w o u ld  somehow depend ug - - - t n

the number of task parameters t he  ana lys t  has  chtc:- ~-;e um to idea I; i f y

The on ly  sy~; t em a t i c ’ S Luci y of  tli: i  s jt :m:s i bi 1 i t y  uncova cccl i n

our  review was  r ;ct-flc:  by Swa in ( 1  ~ 6 7 )  . This in~’c s L i cja tor ~xO

a Ponte Carlo si :-am iaL ion on atr ti f i c i c t l  ( b u t  i r e m i i i ; q f u i ) f - a s i a n ;

cons t r ue  tool f r om  AT P Do F a S  t o  a . I -Mi  cM i L i  - n i  I ion p c O O)  lieu an

e s t im at e  o f  the r - c ) L  c h i  lit -v 01 one em - s lo e-  c rc i ;; i ’ m  p a ;  ionic  no- - ’ .
r
ij O ,  re il t m c ;  ‘ pr  cc i i  c I i on , ‘ c m i  i ~~~~ - I ft l v  t1o - t o :  I c m ;  e :3 - ib I i til e - i  e - -

‘-

usc- of D~u t a  St -:oo ( a - a n A L P  r~ c: I M. ’ . I ) u - a : ;  t h c -n  e~ i- ~ nut~ P a: - U :  - Il: - -

o r c s i i c t i c e u  o; a n o m i n a l m a d - - I  t h a t  - -c i a - - H  I M~ a \ c ; c m Y a  v- d ue  i f

a l l  rel ’: m f l  L heM t r i o  r i  1 un i c i i  - m U  i i  i t i a:; m c i i :;e -l  t o  ~ p c - -ar  ecu

to th e  n o ;  :b- a: of  n m  r a m r r - l  co n: c-ott :; 1 4- -red

— ( m ) ~~ 

~~~~~~~~~~~~~~~~~~
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where

Q - - the p r o bab i l i t y  of  on-c: en  mere eni -  5

p = the av er age  va l ue of b - : -h t v i o r -a l u:ui t r eT  i c m l i i  i i  t i es

n the -  t o ta l  number  of  pa rammoters

Su-;ain - found tha t  for  ci l a rge  r mu : ber of parameter :; (n - - 4 0 )
the nominal rule  provided a very p-cod cippro :-:ia:ti t  ion of L ie :  v-\ t ue
derived f r anc  the s i m u l a t i o n, but  t ha t  f o r  s m a l l e r  n umb e r s  of pa r e—
meters  ( e . g . ,  n --~ 10 or 2 0 )  the a p p r o x i m a t i o n  u-can u n s c m t i s  Fct- c t o -y .

As t h i s  a u t h o r  po in ts  out , an i m p o r t a n t  i m p l i c a t i on  of these
f i n d i n g s  is t h a t

“ The more me t i cu lous  one is in the a nal y s i s  ( i . e . ,
the more terms one uses in  the reliability equation)
the lower the es t imated .  r n - l i a b i l i t y  u-j i l l  he .  It
is apparent , then , t i m - c t  i f  d i f f e r e n t  a nal ys t s  choose
a d i f f e r e n t  t o t a l  numl  c of d i r c - o n - ; i o n s  as b e i n g
re l evan t  to t a sk s , they will a r r i v e  at cli f f e r e n t
esti mates of the r e l i~~h i 1  h F y  of  a sys t em un c l e  up
of these t a s k s .  “ (p .  2f)
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2. 2 Five No I- .- -or k—Bcm n c:d Tech t i ic~ucm ;

The i n t e r e s t  of human fac t o r s me - - - c i al  i sts in tb : f o n r m u i m t  ~
and use of natu- ;or] :  -tccc chni  gues  f or  pred in L i o n  of l ; u i t : u ; ~n o - c r f o n m : t - m n c c
dc -n v-nc ; f rom  a numbc-r of soured-s .  Oar -  i s the  oLso ry e  L i on  tha t

such t echr i i  gc; o c; h ave proved useful for c-st i ma t  i ug lie per f o n i u m a n c e

capau i  l i t  len of sym ;tciui s composed oF f u n c t i on a l  ly i ntc:’:r,-l a:

i tems  of h ard ’-mmr e .  A ~o-conc1 is the  r c -a i i : c at i o n  tha t in m o n  L

complex s-1-c ; L et s , a large x m u : tb - -r of f u n c  Li  ens a re  p e rF o r ce !  by

the human and Llmcm t the I m u m a -mim non ( e n d  poss ibi y oug ht. to be )

considered  in t imc ’ me cca terms on t i e -  h ardware  and sof Fu c :mrc- ci co :u - n t s

w i t h  which  he in turamet s. A t h i  i rd so u r c e  is the  eat ; - - w it h  u-ihic h

a n et w o r k  appr oach , cor imb i n- a ct  u- - i tim suitable mamthc-rati cal O t i l  c m  t;ors

can accommodate a var  ie ty  of d a t a m  i np u t  types , f ront  ec:j P n c - m i  l v  -

ct-nrj\p-J est iur -c Mc :; of c e n t r a l  t c n c l - n ry  (ne-an or med ian  p-~ rfori :; m ; m c c - )

to theoretical ly — a : ;s u m e d  d i : - L 1 U t ; M i o n a .  A f o u r t h  and v e ry

i m p o r t a n t  source- , in the  c o n t ext  oi t h i s  r e p o r t , is thc -: h y p oth e s is

t hat  a sni t ;m b ~ y des i n - -cl fle two rk  1 : :  I qim t serve as an I s p a n t  a i m t

sys ta~ -a— level steeL : n i Sit for t he clg n c - g a i t :  I on of :1 n o T at e d  arid

inch ‘i:clcnt t a n k  and m ; c t b — t a c ; k model  a current l y  av ai l  ab le  i i i  the

ps ych Ol  o-j y , hu i t i an  fe c  t o rn  , con t roT t h c - o  ry , and other 1 ;u n ’ lfl mi

per formanc - litemat -urc :s .

~~~ c:rri l of a tcca ;t all ntP ,.ei c L t - 4 n i c : u e : ;  i a to n - - f free a

st a : t ~e, un u t ~ of t i i ~~’ { i mi - -:[ o tt - il r~- i : 1  i c e : : ;  a n i r n i q  i:~i i v H u m i  I i : ; 1 :

c l e ; ;i cn t s  to  an c - : ; F i m m i m t e  o f  L i : - -  ~ - r f e t j n -.n c - d , i  f l c ’ l ; c

a q ; J r c - t a ~ (-  t h e : ; -  t c ; i ~~i i F ~~~. 
‘ii i - - 1 t- ~- r f e  m - m -e~- i r ; ~~’ t -  a - ;  C - ’

u t e r i - a t: a r - ’ t y p l c t l t y  o u t - c -  c’r s m -c of t i m e  lo l  L ,u- .’ h u m - m :  ( 1 )  t i m -

t i m- r c 1u c l  t_o c v - - n i _~ - I e  f l u ’ t n - c i a  ; t n : r u - a t t - ;  ( )  in - ! 1 c l t m ! t l l  i I ’ . ’

F i t - u t  [ h r  F t - d c  i c ~ q i u - e ~i t ’  u - i t  h l - ( ’ ~ - p l~ ’ L J  i l l  a - H u m I M t . ;  ( I )

t i m - - p r~~M h i l i t y  l i i ; t  Hi - nq -~ r- r-P - v i i i  U ; :  i v -  p l 1 :-  l i i  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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L h m a m t  i s , at :  or n t - ) V L ’ c ;ost ~- l u - vo l  d u - f ~ i i i  H as c i c c :u ’ j - L mb J c .  hecoimise

the t e c h ni qu e . ; c e pl oy  c o t m e e p t  a s i m i l a r  La L i n e.e of s t a : m s i a m - d  r e - i  i —

m b i l i t :y  th~- o m y  , one c-an , ~i f i n t e r -: ; t e d , u t i l i ze  o L i i  - 
~~~~

- s for mmmcm n cu -

ntcasurc ’m ; such a m s s i c - a n —  F inme— to— fa  i 1 a m .  
~~

- (P  l a d  , Si: :n n — t  l u - t i - — i t -  - l u - . m i —
f a i l u res (f tTPi - ) , e t c .

Toe variou s tc-eim m m i gue:-;, t h e s ; h  f r -nec :  - m i t l y  ‘m:: I t e  (liff4 - rentc

when v i a w~:P w i t h  respect to ope ‘a t  i n ;  ama ;;uc p1 i on:; , P - p r u - a of

deta il , etc. , sh a r e  c-omnmoim model li i l u l  r~ -~ t~ i r e s t -an t s .  Al 1 u u - m i d  i r e a

thorough descri ption (frequent l y r~ iidc rc-al 1mm dia’j r a s - i m i t  ic f o r m )

of ac- I ual  or m t  -ench-ci  t a sk :-; ant i  of t l i~ - i nt  ~~
- a rei  am t i a i m s i m  i~ a a:t :enq

thosc-  t a sks .  SU C h  p rocedura l  f l o w : ;  or op- - s m I  iona l  ce l t ; - -nn~ 
-

d iacj rosin (OSDs ) 1; ;-m y somet ins- s  1r~ c;u pp 1 c - a t  - ‘~1 W i t im ot: h-. - r em ma lyt i n

devices such as the fault t r e e , w h i  ch m - r o n i d e  dc :;nr  ilit- lot , :; of t he

al ter nat ive ways  a t a sk or t a sk— a e ~qr eq et  c- cou ld  fail to he

accomplished in  the  des i red  ti rn-n or at t h e  Pet ;  i m v - H  1 eOc - 1 of

reli ability.

A second r e q u i r e mn em i t  i s f or  “ d n  a , “ c - i  I imt- r i m m t h e  ivrm:t o F

measures  of cc;, I sa l  Lu -n u lency ( t h e  - mc i- c - a m : or - ‘
~~~ i -an) or i n the - f t  r r i

of d i s t r i b u t i o n s, wh i ch cai n bc — t a M - - m m  as m elea ;u t e - : ;  of p ’r f o m - m : ; i m m e ~ - i n

each of time tasks inc luded  j i m  t h e  e q u ; r u - -;at r. i t t  m ; o t u :o  ~~ ;i i  - a t ;  j olt :; ,

emp inicmilly—dc: riv c: c l measures or ~i im ; t - m j h u t  ion :;  h a m v t - h- - c - m i  ( - m p l u ) v e - i l ,

whereams in  othc :r s , ra t i o n u i  c - a L i m t r m t m ’ : ;  or 4 ;  ; ; t r i i - c t  i o n : ;  t h e n ;  l i t  t o

r e p re nc -mi t: r e a s on - a U ]  c• appr o> : i u u s m t  i on s  h :-: - l i -en uti li z - -P u-at m - m e ’

(~f li~) i sic-n i Pa to c i s c -  I a c M  i in

A c ; u-i i~ t Im t i - I i I tnt-a: ; , no ; ‘a : ; ?  - m a t  I - - t a ’-  e m -  
~ 

, ;  h - - c m  (i IOO li i i ,

for (I- - i i l i u m ; or n -  m c i - n i t  I m mm I a: : - .~ 
:-  - : ;  . Lie ,  I ~‘ b~’ ~m I a - -

prone :;:; u - ; i L h  c m s m ; c e - i a i v - d  ‘~I t t , ” c m i  o n - - La -c ‘I m a m y  1 -  cm m c i -  i l l  n’’t u~a u ~~~: :

of jun e- I .~i t ; 1 . ; a L ;flto I l i a r  1 c - v t - i  , c - a  ‘h ‘ - , i 1 ii i~’ - ;  (‘a -alt Pa t . t  w i t  i l ~ , i it

th~ - ag q i  a -  ; - I - , r -
~~ ‘ m  ‘ - c - ; m  I t h - I a :

~~~~~ 
j _ —~~_ 

-
~~~~~~~~~~~~~~~
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A thi rd concn:nn requ.i remont is for a scM of ruli-s and pro-

cedu res fo r combini ng es t i m at es of cen tr al t~a n d c u m c y  or distribuLions
attributed to tasks into overall estir:atcs or distributions repro—

sen t ing  the t ask  aqqrega te . Frea 1uent : ly ,  the  rule: ; end orocedurt- - s
employed are those of s t a n d a r d  re iahi 11 l.y theory  u - h - c - L  C , for c - x n i v t ~ i 1 mu ,

the e s t ima ted  r e li a b i lit i e s  o~ separate  c -onva i i ent s  are  m u l t i p l ied
toge ther  to y ie ld  arm es t imate of ove ra l l  r e l i ab i l it y , ant i  t he  t i i ; m @
requi red  for  each component to accoepi i alt i t s  f u n c t i o u m  is added to
tha t  required by ea ch o the r  conmponen t  in  or d e r  to est i : . . : L e  tote] t i c-a
to complet ion .

At le :mst tu-io 1ea:ob l e n s  have Zi sjac-~e ii c o n m m a c t v i o r t  w i t h  tlais

approach to human operator  m o d e l l i n g .  One r e s u lt s  froe am lack of

empir ical  data r e l a t i n g  to expected p er f o r man c e .  In some casec;

the da t -v t simp ly do not exi st .  In  o tl v - r  c a m n e s , t i me  v a l id i t y  a m n d/

or reliability of av a L i a mb i e  P a t  a am re m : : i s p -n F. . 1mm in i L i m e s  cat c ; - -~
assumptions  concerning e:-:pectecl v~; I t m e s  or l ik e ] ’,’ d i nt r i  c i t  -i cc : : : ;

must  be made , am id t hese  add an addi t i o n a l  m ; e a m r c u c  of u n c - a r t a i m i t y

to the mode l l i ng  e f f o r t .

A second prob ia nm c:u:ucu - rn:; L 1~- - i u  I -s~~~m mm. i  ‘m vnc- -P u r e : ;  for

cor cbim i ing po int csL cm i t  ec ; or (lin t a I l L ~ OP; . 1.dm - ru t I; - - ~m -lp r u - c i t a

contain:; Sot - -n t a ~~k ; :  il i ad m m -  I m t ~j~m ia- c e - ; t t 1 i m :  eo; t~~ l m t  —

part :icul ;urly u-:i c - ’ n -  - m m : : : : - - ~~- - r  ci i . . r - ; - - v i : : i ~-i ic : i L e L m ;  a m m o - ro . l m n - F e - ~
in ~ei mo- i i  i c - i , ‘ a i t i i c - ’  Imy  H i - - m im e  n I i~ H - r - i ~ t () : m t L 1 m 5  - -  t Ie-

sumi .~— o I — - t i5u- -5 , pro (L mt Oi rc- 1 M m  l i t  i - ’:; m Lila;; of  c - - ’ m V a m ~~ t o m  m l

r u - l i  eb I I t~’a- t b i ~~ a ‘a’ h m v e  l t ~ .m I c - m m ’ - t i i  Ic - 5 :  - -- - 1  . J u t  a- ‘ -P i t i - : u

t ime re ci r -  so:;- -a a a— ‘a/ I  
- I -— m m ;  m a in: - - a - -n~ 

- - cm - - - - I i a::: - - - m m :  - I i - i t  -
a ~ 

:— - m ~ r a, t C - : :1: t ; e ~5 0 t i - t~~ a ; L ’  ( :  i at r i - - ‘ I me  - - m m c  - — i t t -  - I
d i  f : e r - m m L i ’ 1 --s h p - c l  u - i e i ; , , ;  ci I  d i : ; ’ r I ! - 1  a ; - : ; . ‘ ; I s - a - ,

~ u - ’ a t  I O u : :  t i - ’ ,

of a a m r : ; -  - , o I i t  -c ; a c - u  t - - - U 1 m m  t I t  - - 
- - ; -

~ 
- - - - a : -

~~ : I u t  m I as’

- C - — i a  , i - ,
~ i c - - c tm : t o  ( m - - U~~~r c 1  f l u -  - ‘ ~! e 1  m -. , cm :— 1 i i ,

a :- - ; , ,; m - ’  , : I - i t , : ’ -  - - -

- -  
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Ano L i t er  g a n  re 1~ :- - - - - -v - - i a : ;  O Ou ~ u i iiq~ : L  • -
~~

-
~~~- - - , t a c t  5 - n : ~-~~- a to

the network  approach is t h a t , while it. may h-a sn i t c H  to the

modelling of discrete aciiviti—m s, it historicull-n hu S  miut b- ;c : n

su i t ab le  for  modelling of continuous aCLlvitlCs . Tu-.-o p o i n t s  must
be maci c in U is regard , however:  ( 1)  Most  r : e t ; ;mr k s  were  not
developed with  continuous tasks in mind; t h u s , fa i l u r e :;  of gen-
eraliz ation are not appropriate criticism.: of the c a ; : m : c : o : u c h  p - c r  sin .

(2) At least one network—based approach — s~ I~c - has b ann s

s u c c e s s f u l l y  extended -to inc lude  c e r t a i n  f a m i l ie s  otT cncmtin- :ouc;

var i a b l e s ;  thus , ther e seems to be no i m m h n r e n t  l in i t : tt i - n i  to

cant  inuous  t a n ’-: ;c c o c i .v d l i n c j  v ia  n e t w o r k  for cml Iticans

We take  the positiomi il-i this m upoLt La~~t m i - e ; - ;cnks c i t e -  c a n t ,

in and of th em selves, models of humam i per f o r n - :m n v - -c , ‘a bough tie-y u::I i’a’

clearly he represermtations of systc’i:m structures i mi u-i a ich t Ic a  t-
performance is imbedded . As a result , we h er -n  i z cl ud ~~H no ::bst m a cts

of these t c chrmicju e s  in the  A pp e n d i x  of this ret Ic :t— . Ti: rau :-; be

recognized that- this omission is not inL c-sm ch-:l as a sc-p a t :  i V i -  c O ; u n m u ’ ; t t
on t he i r  perceived va lue  or u t i l i ty in  the  c m s s - -c a s : . : - n n t  a ’ m ;ys t : em n
Per formance , which , i n  OUr  j u d g m e n t , is n a i L - a  h iu ; M  . The - . i a:; ion

simply r e f l e c t s  the fee] . inq t ha t  the v a r i o u s  :mcd u-::- trk t e c l t r m
Can ho more u se  f um i ly conce ived  as forr mma i .  sc -Ms of ru i c- :; t i n t  pro-—

cedures f or de f i  n i n q  sys tem st r u ct u r e  and t ha t  t he s e  s t n t m c t 0 s c m : ;
then p r o vid e  the  n m e c i : a m r m  ism for  a ;qqreqa I in ~ H a F ; : cv . :  11 cuP t i . f i o u t Pat - :

banks  or incorp o m ae L i n c j  f u n c t i o n al  per 1011- ::m :ce - ;:e at- - i s.

Tn  t h u  rem aind- -m - cc l  L I m i :~ - c t u o u m  we c i i s c a : a — a  ‘e a r  m iu- : -,-~~~c ;

I echii  i q m m L : : ;  I hat : h av e  P eIt ; i P : ; : m a c m u - s : ;  f : m  1 1 y to  P - - v i  - ;  i t  I c a m

of lm u m ni ci m t ; : -m l or n i an n e  in ii: tm /c: m a hi n - - syst -a- ;- - ; . Ta t i c ’ : :: v t  u - - -_- 1 , - m v - ’
add-v-P one ot-her t u - u -h n i q m u ’  — —  Pi- 1~’f — - -  u -c lu ck , u-;h i tin i n t  am : : L r a s - I  m i n I -

for eva, m a t  j u t e ;  h ; i i ; m ; : i m  [ I ’ m  í a :  a m n n ’ - a - c - c : ’ , t n  ; -c ; (- : - ; t n  I i  en - a - a - - m i :

I i o c - .i w h i c h  m n - v u - m u  - ; v t m r : - ’ - m m t  t e ’ r h u : i e n n~ - ;  m u  - - ct ~ - m — i  ~- - - - t , a i r — I  ‘, : h i - : I m
- — - ‘_ - — - a; a : ;  m ( ( — I t  V I - I — - u : 1 - — I - - r - i : . -  a t i I  ~; j — e :  

~~~~~~~~~~-- -  -~~ 
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‘t h e  Set of four im mu:-a mm p er f o rm a n c e  n c t : - ;o r k  t a - c l a n  i-e :es  se.] a n t i - P

i l l u s t r a t e s  q u i t e  a - ce l l  the  v a r i e t y  of m:apro echios currently

av a i l a b l e  tor p re di ct -  m u  of }-)e r iTo r i :va l u - icc . 1- u i-t her , th:v- chosen

techa I quca s clemm a-em as t. rat Isa w h a t  we cop (IL n t.o be t hc- a t r u - c  c c - ; th s  a t m - c al
weakn-:-sses of n e t w o r k  r - : e t l m o d s .  it  is i m : d c c a r t a m x , I :  to reai jzc that

we ha~’e not , by army means , ex h a u st - n  u i  tim e useful techniqu:-:; in

this class. l-’or revieu-1 s of other tech :mi pcm-n s of the t ypos
i l l u st r a t e d  here , t he  reader i s  e n c o u n : mq e - i  to recic i : - t - - i s t e i - ‘ S

(1971) comparative analysis of reliah .i l i t H rttocleis.

d l )  

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~. :_ -r~~
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2 . 2 . 1  PERT

The appl ica tio rm of PERT fol lows  e s s e n t ia l l y the  forr:;ula laid
down above . One beg ins  by c on s t : r u c Lv in g  a ne t - a - ark c o n s is t i n g  of
all major activ --ties intervening bOL ce:; the start and t h e  comple t ion

of a task. (Miller , 1963) Particular pa ins are  taken to portray
accurately all sequential clcpend- .uac ~ es impl ied in the ta sk and to inc lude
activities that cc;; or are i rmten de d  to be conduct -ed in p a r a l l e l .

Following comolebion of the network , three estimates arc:

made concerning each a c t i v i t y :  (1) the  e a r l i e st  poss ib le and

(2) latest possible  or a l l o w ab l e  l i m e s  at which  it. could be

comp leted; and (3) t u e  mo: ;t .  l i k e l y  t a i n u u c  a t  w h i c h ,  the activity

would be completed .  I t  is then assumed that these estimates

represent the end points and mode , r -spectivoly, of a Beta

probability density function u-.-ith :aecmn , t , c~ ual to

t + t -F 4t
t 0 p 

-~~

e 6

where t
o 

= the enriic’st ti:’n~

t the l a t c u : ; t t in- ’p

tf 
= the s lo P e

arid a variance , , e:~uail td)

- = ~~~~~~~~;-9 - -

I
I

-

~

h 1  - ~~~~~~~~~~
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-
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~:it h - :xp--: c ~~:- -] t~ ream are’. v - t c i a t n c r n s  t h us  d e n  v: - l for  ~~ i cit
act ivi ty , Of l c then cstina tc~ the to ta l  task t ine , T , as the sun
of the i nd iv idua l  expected act iv i ty tim-an :; ,

n
T = E te . e.

and estimates the variance in that time , 0
2 (T ) ,  as the sum of

the ind iv idua l  a c t i v i t y  variances,

2 ~~ 2

e j~~,

One can also e:;t im~m L e  the prohabilit :v thit tha � task ~-ii1l

be coeplet-a- 1 as of ; t sn~ c i f i e d  tine — f .r equccntl ’.’ , a
nro jec t en1— clate . To ac-so:-upiish thin , oce asnun-us t hat  t h u

C~~ i3O3i M-c O i - :1cM a v L  ~~~
‘. ~ c-no~~ction ti ui~e- ca t s -a n c - r e - m i  di stributiorm

and then  uos-?utes th~ ca tio of the a can  u nde r  iHa .i t di .s~~r L ;)ut jc)n

to the l e f t  of the s n ec i f i a d  t ime to the are~i ur .aler the to ta l

distribution . In unit s of standard deviation (r) , this becomes

T - T
S C

dl

where ‘i’,, the :;p :— cif icci t ine c , m t - : 1 ‘P is  d e f i i t - - t a :; c , l n n v - .

‘ f tmcr e  nr c -a, of cour , m ’ i m a y  oth ;-’r t - 1 C - u ’ a -~ t . ui ~1 P -P -’T en - t l ’r s i s .
Or -a l m a n  lv O nc -  is in tar as ted in such t i,  ii  — ; s a : ;  t he  cr i  L i c i l  (Ji m t

Is , t b - u  l ongest )  a n t  ‘ a i m  tha’cr ; l~h tic a m i _ - t a  cdt , Lii - - di : ;  r i m , a t -  io :a : ;  o I

~u t i : l  n c— r a t  I ’: ’ “ :v l ~~ck ”  u n o - a p  : : t i - ’ i  L i - a ; , a t - a ’ . ,  i c - n  p c i  n o - : - - - ;

of Cc-n F s-c- i I ia a t a c t - u i  i -u fa r t: . VU I i  i ; o ‘ j ci ir  - ccc  t I  Ic
h : ’n ’ ’~ - . r , ~~~~~ t b t a  n t  s - u n i t  U - c t - I  u : ’  - ‘ - c - - c - - u  a t  I- a t ; - ‘ t  c - a m  o~
: - c- ’ i a  rh - L a; ’ - a- - a

- -~~~~~~~~~ - - - - ------~~~~~~~~--~~ - - - - --- -_ _
~~~- --- -—- ___
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This techni que has two p r i m : m m r y  s t a t - n U t  U s .  F i r s t , t her e  can

be little doubt that the dc-velojcntc-nL of a network in d e t a i l
s u f f i c i e n t  for  the application of PEI-t’l forces o:~-: to t h i n k
critically abou t the relationship s em:;ong activiti e s. In sp utai fy ima -;

ac t i v i t i e s  a t a f i n e  leve l , the  a n a l y s t  c c - c :  o f t c - n  d e t e rmine  in scea-
detail what he does not know and what informa tica c- he must  acquire

to assess the task .

Secondly , the techn ique provides quantit ati-.-e information

useful for th~ assessment of project completion thr a and provides

a framewo rk for assessing performance reliabilit y . With this

information and framework , on e can hope to ch arac te r i ze  the

responsive ness of an intended mission and to consider alternative

c o n f igu r a t i o n s .

The weaknesses we see have m a i n l y  to do w i t h  the me ans by

which the temporal da ta  cha racterizing an activity are acquired ,
the distributions assumed , and the mathematical simpii ficntions

employed. As indicated , the analysis requires e:-timates of

earliest , latest , and modal times. These freque:.tly repre : ;ec -it
either the opinions of individuals familiar with activities

similar to those under study or the outputs of pa : nt—task studies

or laboratory experiments.

There seems every reason to e:-:p -ct t ha t  I h~ - c-ca t tern of

i n t e r a c t i o n  that gives rise to the e:-:pert ’ S ( -S t  i :: i t e m ;  or the

ex p n n i t : c : - n t - a a l r e s u l t s  w i l l , be d i f  f en - : -n t  t i e -c c t ’hos t h a t  wi 1 1

ope ra t e  i n  the  task  b -inq a:;s-’’:; c o - ul , on i c a c :  e m m a  i a; na farn i i i  a i m -

w i t h  both  c o nt e x t s  a , : ;  t o  i c -  ab l e  to m - m u s u n i -  t i ;~ \ J d  idi I y Of t h e

( - s t - i  mu — m is : :: ba.i  nq used Ion ann I ye i ~~~ .

I
I 
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In ad d i t ion , much concern has been shou-:n in the l i ter a t u re

over the a s sumpt ion  t hat  the  t ime e s t iu c -a t ion s c-:.. n l oyuac l  in Pi-~RT
ar e fitted into a Beta d i s t r i b u t i o n  wit-h a variance equal to one—

s ix th  of the range bet -u-c-c-en the e a r l i e s t  and latest times. Three

possible sources of error a r i s i ng  f r e t : t h i s  ass:e~ i ti on  have been
studied empirically by NaeCrimmon and Ryavec (l~i6 -~), u-f U n foun d

that errors of 30 percent and 15 percent can be introduced into

the ca lcula t ion of the expected t ime  and staa~~arci  d ev i a t i on  as a

result of failures to itt eet this assumption . They also

found that approx imately the same sorts of erro r rates would have

been observed with a much simpler triangular distribution. Thus ,

although the Beta-distribution has strong intuitive appeal, it may .

be open to question on empi r ica l  g r o u n d s .

The assumption concerning normality has I c-re in its favor ,

since it is based on the Central-Limi t Theorem . The critical

quest ion i n  any i — c -r t i c u l a r  a p p l i cat i o n , of co e r a c e , is whe the r  or

not there  is a s u f f i ci e n t nut r iber  of a c t i v i ti e s  in a sequence to

justify the assum ption th at the distnik-ution of sample means is

approximately normal. Me istcr (1964) m e n t i o n s  i n  t h i s  regard

an u n p u b l i s h e d  s t udy  by Rook , who found tha t a d i s t r i b ut i o n  of

f a i l u r e  p robab i l i t i e s  m a y  be cons idered  norr  i f  the  number  of

parameters exceed s 15. 
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1- in a l  ly ,  thcr-e is the qu e a ;t i o i c  of w h a t - l i a r  or not ti-me mean

an d  v a r i a n c e  of ti -m e total Lash tint-:- :ar (- c- -a :uam l to the sum s of the
i n d i v i d u a l  means and of the in d i va i . d-.;ai v a r ian ces , respectively.

Research  on th i s  po in t  has  sugqested that  the answer depend:;
c r i t i c a l l y  on the r e l a t ive  l eng th s  of pa ths  in the network and
the number of a c t i v i t i e s  shared in common by d i ff e r e n t  pa ths .
This  is of great  concern , it seems to us , for  it suggests  that
even when one can be conf iden t  of h i s  temporal  data  and of i ts
distribution , the very nature of the task structure may preclude

a precise analysis.

It.  should be apparent  that  the MacCr.im’umon and Ryavec
ana lys i s  is relat~ d only to temporal  aspects of the moded s
assumptions and not at all to the concept of reliability

therein. Since , however , the a ccu racy of the rel i ab i l i t y
assessment  is based en t i rely on estima tes of total allowable

task time and on the de r iva t i on  of expected t ine , errors in
computed r e l i a b i l i t y  can be exp ectca:d to be m o ma o t o n i c a lly
related to errors in total expected projec t  t ime.

I
I

- _
_ _

P~~ ~~~~~~~~~~~~~~~~~~~~~~~ - — 
~~~

- - -  -- 
~~ --—



___ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-- -
~~~~~~~~~

R-anart N e .  3 ~46  B o l t  I t c - r : a : -. h a m ldl  Eu ’ -:. - i n Inc .

2 . 2 . 2 The ~ :e -t -c l and t - o l I  Tcchn~~eue

TI~c: P i e  eel a c i d  W o l f  r-tocloi ( E W E ) , wh ich  : m p p c . - c - r ud  i i i  1961 ,

has beu~it of c on t in u i  : q  in tu  - c-mst to bu t ane ;  p e r f o r m u a a : c -a a ::alys M s

and r e c e n t l y  h as  been ex temid ed  to the s tud y of survina:biliLy/

vu ln er ab i l i t ’ - in n u c l e a r  env i ro : t :u -cr ,ts  (Ch ub b , 1971) . I t

e;cahoci ic-s : ; u .- ; a:e of the  i t - ~~ t ;-, c - c  r k c Of l C u l)  h s of PERT : : i : -d , 1 i ke  that

ea r l i e r  f o r m u l a m ~~ion , cl ep emtd s  s ign i f i c a n t l y  on r e lat i on s h i p s
betu-;-~uen rc:~juired task times am -m c i -a ivai lable  task t i n - -as fu n  l , - c - c -u r c s

of comple t ion  ucroha b i  l i t y  c-nd s t r e s s .  U n l i ke  PERT , h u w a -ne r , it
is a human par  f a r t u c n c - e  pred ict i-a n techniq iu a~ c-nd , even m ;n r e  s i cj m t i —

f i c a nt . l y ,  a tca -ahn ‘ i c l u c -  eaciploy i tm - 4 I - Ic - mi te  C a r l o  s im a:c i l - :mt io n  . I t  is a lso
b u i l t  upo n concep tual  s t r u c t u r e s  and empi r i ca l  ob s e r va ti on s  drawn

f rom psycholo -~-y and human fa ct o r s  and , as such , ccei b-a considered
a mo d -a l in i t s  own ri g h t .  

-

An i nd i cat i o n  of  the ana l y t ic  i n t e r e s t s  r epr e sent -c -c l  U 7 51-P t
is prov id ed by the  f o l l o w i n g  quote :

.t t is the  purpose ol  t h i s  icacac l el to q iv a  ta P -c c lu i u : c e i a t -
c ies ic j :ccrs  q uan t i t a t i v e  a n s r - a - r s  to q u est i o n s  such  as t h e
f o l l o w i n g  wh i l e  the e q u i p m e n t  is in the e .-c r i a ’ dc s t q n
s t a q e:

( 1)  Caai an average  op er at o r  be e :-:pecteci to in cceie to
succ-uss tul] y c-i l  a c t i o n s  rcqui nc-cl in t he  - c i  f c  - nr mce
of a t a sk  u- : i thin  a t i lt ie  l i m i t , T , f o r  a g iv en o ; - e r a —
tor  p r oced u r e  and  a g i vem a macc - h  In c  dc-ti  i - t n ?

( 2 )  u n-: dcc:; suac -
~~~~~

; prob a ib i  i i  t y  c har e ; :  to ’- - si a- -. - a  em :
F - c t i t  a-~~ j a t f lr s  and l o : a c t . - r  o n  s h un t e r  1- ., - c - i o J I .: of
c- i i o t t . c -a l t i m : : — : ?  -

I )  l i e -: c;nL -ci : ~m s t i u ’s:; is p l c - c c -  1 on t c ~ - c - i -  am t or
d u n n’ ; h i s  l c - - 1 l ( ’- cin t . ’ 1C-~ a r i d  i n  u - h i t - l i  p- ’n t l ana; ol  LU-
t a s k  f S i n -  oau -aie - t - ah- LI or tr ’ a i c - ’ - n i  cc , c l - ~

(4) P.: : t i a; H.- - l i e -  ~m m -  - i :r~ - ma a H i 0: :  0 n- c - - r e  - -

l a m  i I a ‘~ - S i - ‘ m I 1 ; i t u  I O c t  cm ¶ t I - ; c c  m a ‘ - - c - S I - - I c an t :
c - c a d  0 : - s e t  Or  c ; - - a e i : ;?”  (r c - c e  I c - l . ~ I ’ , 1 tH I )  

~~~- - - - - - - —- - —~~~~~~~~~_— — - -~~~~ - ---~~~~~~~~~~~~~
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To ap ; c - i~ the  I: c -a-i: -l , ac-c ficcc t jt~ar fo:-::s en a c t a t i t y s i s  c-mel

~clontai tics uhi cdi  L O t i P S  at c-C c ssentj a l  to ma a ’ :a-~~0 :i u :  of  the  c c i  an-c 0c-

c-nd -.-:hich c-re  u ;n ’- s s c - - n t i a ml . I-or  each  o f  th a s e , t he  f ol  iou-i in q d am La
a re  t i p e c if ie d , u s i np  the best  a v a i lab l e  s ou r c a - s

( 1)  The avccra cre  tin -a r raac -~u i a a e d  by th e  0 : -a r c - t o n  to
per for ::: each ta n s k

(2) The a v e r a g e  s t a n d a r d  c l e vi a ti  era c -h u r t  t b - a  average
time .

( 3 )  The average  u r c : b : i b L i i t . y  of s u c c e s s fu l l y  per-
f o r m i n g  each t a sk .

( 4 )  An es t i c - c a t - c  of the  ex t-an t  to u- :hich s ucc e s s f u l
p e r f o r m a nc e  of each task is rec; ri  red For comnp le t i o mt
of the to ta l m i ss i o n .

( 5 )  The w a i t i n g  tim: - : ( i f  c -n y )  . This  r e c - a r c - - s e n t :-; t I m - n
t ime elapsed b etw~ren the s t a r t  of the  m mmi s:-;lOf l  and

the  s a~ a c-t  of each task , c lu n in c ;  - - a b a  a b  na ac t i on  c- c - a

be t iP-cm by t i c - c -  o p e r a t o r .
( 6)  ihe  nec- c t- task to be V -n fo nac - - :d g i ve n  Fe i u r a I - -

a ccon;pii :;It a c u rr e n t  t a s k .
(7) r i k ~~ nc:- : t t a sk  a be i c -c’formad gi-: - c c  sa:ce~ - : ; : ; fu l

aced) : c c - l i  e h ; a n t  C) I a c a  r em i t L~~ . c ’:

r o t h-u- - j u t  t he c I - t - - n c : : i n a ~~ i c ,ra  o f  t h ee v a H c - a - n , on:, t : l i e :m
mao , nc. ta u n - a - c c :  cy -cal -i s tres a; c- a m E I i d c c - : ;  , u-f a n  c - c  - - - - a n  - - - I u- . i t im
a -as: -

s - ‘ t- La Lii  1 ~1 — - t i ci -  - c - i~ : : - - - I - V - I l  F a ma a - - t - I cm I o I t I

- P .  ( t b - - em :O m~- m : L  P- . - . m m m d  I . )  A : — i t i : r m t i c ’ a H; ‘‘ ; a c m m - - a : ’  - i c - — n a - ’
u- i: - c i  I U-  - c - c- - I a ; - c m m : ’  i - -  a I t i - - ‘ I - cc 1,c- - cc c_~~ i j ; :  i n - c t m t  - I’ _ m  a ;  i -ac ;

a : ; s c m t c i n  m~ - c- - : c - ’ - ’- :;pc,-~~l a ; m - J a :  a m  — f : ~~-c- ~: - c c  C m :
~ t c - a :  . A c a m  t u a t c l a m

a; ‘ u :  - a -  - : m t  ‘‘ W l i -  t a  ~~~~ 
•
1~ 

c - ! i -  d i  I n~~- - c c  i I c ic a  - co. : - I  - a I l i t

iin t t t I ~~~- ,i t r : ; - .s , :t : aE  ~~ ‘ j s  ‘ h i g h l y  a i r - n - n H ’  - h - v . . a ; : r c - i  c t

t~ i t - -. ’ a ~- r ~ i i n ;  t a  c - ’ - -  - .  .- L e  I n - n e  ..- . WI -: U ma t -
. . m l  i ( a a

H 
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‘ n o n —  u r - c -  c - c t  ‘ or u r5;-n n t , ‘ on-  c ass t in c  as a mc L r a c e s  lcc ’ :c - 1 u-i Lb a u’aa 1 a m -
of unit - a . l-Ea- . - : ’i i t  is l i i q i m t ’ , - m m c - ; - n t t I ~- - ic c-a c T i s  c i a f . i mieci a- ;
t he  r a t - i - -  of  t Ie -  su:.i of  t h e  a a v c r : n j - .? l a L i ,  r c - - 1u i r  c to co:c~ a 1 - a a t e

r c n c i n i r a~ r e e c mj r - a d  tac ;ks to t P - t ot aj  u— :a a i l c - i ,~le t i ma -a r e i c n a i n in - I
in  t h e :: is s ion~- -

5= _ _±_~_~~~~~~j

u -ab a -nc - s. = the stress level
ci~

ti’
1 

= the av e r - ac - i c - T a  time re :uirecl to c-onp l et e  a l l  r e m n a i n h l i a j
rcceu ired  tasks  in  t i -me miss  ion

T = the  t o t a l  t ime a v ai l a b l e  f o r  ccnaple t ing  a l l
tasks in ti -m e mis s ion

T~ = t lie t o t a l  t im: t c  nc - j u l  no .1 to co::~ - T a t e  a l l  t asks  llac o u ~jh

(i - 1)

- An in ipan r t ar c t pai-t of E b 1  1 - ; 1 t:; 1ncor~-ccration of t:luc’

paychniogical concepta  of at “ s t - c  c-as  t I~ ne : - ;l c c a l , d .  ‘ As tb -  - c-u t - l i en : ;
m t - a t - c , ‘ in c-an y suCq -c- s-; t-s t h i t  c m - :a~ iom on s t a e m a s  U}) t o  a c ’c- r taa a  i i ;

p - : n t  a c t s  as an o n n m m i j ~~ i i m c - ~ c - i c - n t  on } c - - n - c - i c r ;  b- - v o i m d  t h i s

nc -m t str c--ss c-c - i s as a d iso r qemuiec ’n - j ac - a c - c -n - ( i c - a l l .  p .  2 0 ) .

‘aN: - a :cc- 1- -1 a; i m cccai - i t o ’ -: tab a - e r 1h-tc  Ic I , - . c : - a ) i : o ’ a ’~ i mag tim -  - i i  uca of a ; -

c - c r c :  c a n  a v ’ a l a c u  N , i c a m  t l a- - t’ l’m c  us -  - F p a  I I - - c - 
,, - cdi a i m a c t m  l i t  I e a t

r t i : a , c-s a :- :mc - i  - :  i c : - , l ha l ea-a .

— - - 
cc c o ’ a 1 cc f ’c- m c  - I h i  I a t  - i , a a i bi a

c i c a a l l  :- ,~ le- -.- L i i ’  SU e1~~~~~ I c - l F  ( i - c - I ) at c t a L L - : m , m e t h c - r t i t a n  t U t a
in - c  -~ m arc -cl l i m  1 a m t e n  in p~ -

~~~ 
cc acm: ; 
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With the S t r e ss  level :;  co anpu t  cc- cl , o m e  tb - _ a n cc-,::n u t e a ;  th~ c

time required for coap P aL l an  of Lhe s u b ta sk , ba sed o :a t he
assumpt ion  of a n o n i c a c - ]  d ist r i b u t i o n  wi th mean anal s t  c : t d a i r d
deviation equal to those sp a’- cif l c c l  ear l i e r .  A sr_ a c :  F f i c  valu-c-
for  a g iven “exercise” of the n a c- cla l  i a ; cite . a t v i a a Itemite Carla

technique that san-p ies f rom th c-  c,;i.—atnib ut io~i of- ’~at~~i,:- -c-s ass ig n c - ’J
to each sub task . The c o m p u tat i o n a l  procedure  Ut 111 z ~-d g a m i e r - a Lo s
a sample va lue  in u-ihich the a’::: nc - ag - _ a  c :ancpl c -L i o n  tia:-c - ccs c-nd av-:-recjc

dev ia t ions :

“ ( 1 )  are used unchan ged  when s t r e s s  equals  u n I t y ;

( 2 )  aie  decreased wi th  i n c r e a sin g  s t ress  until stress

assume s the th resho ld  va lue ;

(3) are used unchanged w i t - a n  s-tress equals  the th resho ld
value ;

( 4 )  are  increased  l i n e a r l y  w i t h  inc rcasincn  s t-nes s  L~~y :nac i

I-I u n t i l , wh en  s t ress  equa l s  M f l , the c~c - :- a t n i I c - m c t , i o j , ;  o[

t .  (ave rage  complet ion t ime ) and ( c - a c r e - l a  s t : m : a : l - a m n c l
d e v i a t i o n)  remain  cons tam - m t at 2 t .  am cl 3: - , mn-sn - a c ti~’- ’i y .
(Siegel  & l -ba lf , 1.961) . No Le : t 1 and ~~~~~~ -c- the ~c c \ ’ c - c - r a c l a

t ime to cct r r _ ah - t e  task I and the averaa:a  :;t -anm dar: l
d e v i a t i o n  of the  a v e r a -a c i  t alc -at e , r c - : ;p e c t i v c - a I v .

Fine i~ ly ,  one cia L - n c  It:; S u- - h a c  Lhe r  or im o t, tb -a t -’ . a : ’: c - m c i  U - -

corms i dc-red Lu 1 - m m  ye b~~- -n c- c- ra n 1 e ta c adl suc cc-a ;s  In I , I y . Cr i ic ml t a t hn

c : c - ) ic i p i t t l - c m: ion bc-nc- are the n ;mnira - cl pa c - ba i l _ a l I i t a y i c - I  c c - i c c  - . ;  ; s I c - c a - - - I i c - c - i

a - - c m  l i c - n , tb ’ st r’ ccss  le-c--c- i , 5 tn l l Ie- n t - c o n : - ;  t h m - - : c h - i - I .  J:,~ a - - , - P a —
t - i an al  r i m  1 a I a; tm: ; fo I low :-;

-a

L1 
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- ( l - p - )  (s -i)
p. + - - - - —- - - ‘

~~~
- -

~~
- - -

~~ -——- fo r  s - -a ,~-I ( s e -a - footmm ota-’ )
1 I-I -— i

p .  = - p .  ( s . + l — r 1 ) + ( M — s . )  f o r  14 < s - < B +]
‘ 1  1 1 1 — 1 — -

2p .  — 1 for s.  > 1l -~l1 1

where p .  p r o b a b i l i t y  of s u c c e s s f u l  p e r f o r m a n c e  of L a s h  .i

average  p r o b a b i l i t y  of succes s fu l  p e r f o r r a t a m m a c  of
task i

S stress leve l of tas k i
1

M s tre ss threshold

As Siegel and Wolf note , the p r o b a b i l i ty  of success t U c t s  dc -, —
f i m i - - d  i nc reases  i n I in-a~tr f a sl i  ion wi t 1 s I rCS:;, reach i r i p  uni I y at. t ho

s t r e s s  t h r e s h o l d .  At -  t i m i  s v a l ue , i t  a s s um es  ti -me c - in c - nc - c l - a- ( i . e  •
i n p u t )  value , p .  , and then decr t - ;e aem ;  I i n c - c -r i  y u n t i l  i t~ r e a c h -  -:;

a c o n s tan t  va lue .

Since the on Lcome mus F I c - -  - c-Ocm: ; ici :-r ed to it- , - ~t hi n -_ a m y  ‘V: - m a t
a d e c is i o n  as tao u - a b c - F l i e r  tahe I c c - m c I :  we: ; , in l P m c I  , coin-d c - a L L-a l :au n-~’:c c ;—

f u l l y ruc {Ui nc - :; labia c:occ~ c - a  ri sc-ca of p 1 u-a l t i m  a

qe n e r a l e c i  n a n - c - U - - i , p rj ~~~~~ a U - c l : ;  - - a  i m i i - - : a ; t - -a ’l  I U - c ; a : - :  a : c I  c m i
1 ’ c - - r f o n ; : c - a m m ;- c- - i f  p -  1; ; u t la  - n \ - : i - : c - , i c - - n fo c -n c :n c - - - H; e: t m : c j c - ’- - :  c-cl

uric  cc c r - c : ; m ;  r c m l

~ A c t  e r m ~a ) r  i i i  I i r a c c - n - - - I t i c -  a I I - c - m m  c - I  L I t  - - ‘ c - t i  I I - I i en icc m a c - - c E  i l c c -  cl i i i
t he 19 6 ’)  y c , ’ : ; H c - a t  c- c - I  I I i , ;  - t i - p m  f l : - i c I  . ‘ E l -  c - f l  c-c- c-c- i l c c - n ; : t , , c - c t c I cc 3 - c -c m : ;
1 (1 t I t ; ’  t r i -i V, 5 Ii T m : - r - - , I

(1- n. . )  ( c c  - - - 1 )
- c c l  1 3

I ’ - - 
-

m j - - - - — 
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In a c - t a t -a l  u se , t i m - c  c o ’ c c - u t a t i c , n : ;  a i l . a : d c - i t o  c L - c - e al-

;r - c - r f e r c  - el by co:. ’ : m t c c i , u - rI t A C ii c-iso k- - c - - 1 - : -; t r a ck  of i t - -  L o t  a l  I i ; . c-

re;r. a- I n a ;  f o r  p-_ -rIorruc-nc-c- of Lim e r c a : ; : ;  t e am. W U L U  t I c - a t  t i m : ;  -

b -c _ a , -a :; c-c- : - : h : a ’ e _ a t - c --- _ l 01 cab - c- i  tlm: t c- st  he: ; h - c- - i t  c c - - c - l a - i  ~- ; i s ucc - ’ c - a ; c ; I c m I J y ,
Lhc a- s i rn u l a t r o - :  is  L e i - m : c i m a ~m F ’ - d .  A t  I ice c - a - c - ct-c -i uniotm of a m i m i c , d c - I  m

p C r t l ; ’~c-nt  to t a ck  co : :int : - t m o z a  t~ t ine: ;  e c a d cc cd i a a U i l ~~ t ;o :;  a ie  reccc-a’c- -; c’cl

fo r  an a l y s i s .

An i:_anortant aspe c t a  of  tb-f-i is i t s  5 U~~ i rabi d  t y  I c - n  ii: ;:; i n

S :raa l at - i o ns  o c a t i m e  p e r f c c -r in  ar c - ac  of  mar l 1 F i.—~ c - -car ;c- -1: s’;r: Liar::; . In  t i c  m a ;

role , the  t echn  i quo em~:ioyc- ; a nu mm aaic - -c -  r ol  a a a  - I f — c  - c i t e  nod i: a od- 1 a; tc)

d e t e rmi ne  c-: - :l ac - :ct ecl  task t hue as a f u n c ti o n  of  p c - 0aa0 p-a r for-; - ’ m a c c - -

p r o f i c iency , ove r t ime  lo t-al , morale , number  of p e rs on s , anal

flora ci ‘ ml  (ca vccraa c; -a ) t im im e

Saran f e e l i n g  for  the c -m a c a u n t  and s p e c i f i c i t y  of data
r c-aa -.:.i ar - a-c l  as i n p u t s  to the  P 1 c - c -j a 1  a n d  Wol f  group  a; i mu lca ta ion 1 a ;

pro’:.acl-:-d hy t in  a u t i m or a ;  ‘ i i  s t i ny  a I “ rad a ; : - ; ion d am t a t ” t aha Ia m a: u a I

a c-c- -:cca araa -,’ LU - a cl’;a f a i n i t i . on  of a- i c - h cain  L i o n  u n it -  ( I c c - i n k )  i t t  a I o t a - m i

cc-ca- ; a s s i q : : : c an t :

1) The a v c - r a i - ; c -  t i m e  h 1 i n  L a - n t  i c c : ;  of h a i t i a n , r equ l  n e i l  t o

c o r n c - l c -  - Fe c - i c - c - L i O n  i mm i  i 1 cm oci c1 ty  d .

( 2 )  An i t t j i c  c - L i o n  of  u - :ltotaimc --m: on m m - c - f it - ua - : c - t c --: ;cn t c ; au t c - I
f i sod L i e - a  i-a - n od , a ‘- a t  c - i  n h  I c  t i i~ - c- _ - r i ad , or . _ a

t i n - - - — i i m i t e d  j - ’ - n i c - - d . A t i c - c - — i  i c - c i t - - c - I l t , n i c - c - :I i n  On ’ 5

t h a t -  r - a c c c ; L  c - - mi d I c - -c- ‘m ::‘ - - c i f i c - -d t i ; ; -  of d m ~- n o - ; m : c - l l - - .o ;

o f I in - - t a cc I 1 ~~c - r  t i m : - - - (‘c m in i ;mb  1 - 0 , f i n -  -J I
I. i i ii  Ia a c - i  -

~~ 2 )

l )  tm: i n  h cc I ~i o t t  o I r i a  — - I I t . r or can I t i m -  a i r :  L c u t  n i m  i t

t- ~; m f o r m c c c c : a c - -  a ; La i n  c c - - a c - c - m t - i- al c - i r  I n n - c - ’ : 1 i ma t i m - c -  - n - c a t
ti c L ~c - - .’ r I c - c - n m - c m m a - - e  c c - f I i  - - I  ; a - ~~ d c - n - ; :  m a c - d r  a -o n ,  m a c ’ t o  c - - : - : c ’ c c - c -I a—

I I - c - a t  ( m c  I - -p  - i  i I m a - a t  C) , cc - n - I  i I I - inc  c - i n  I - c - t i - - l i  im ~ - 1

R

H 
__________________________________________



t N -c- . a - ~1.6 Li - _ c- I~ t_ B c - n c - t i c - k  c - c c’ P ., - - - . ‘ a :  I ccc.

( 4 )  An lad i c - a t  ion of  u -ih c c- t ’Le r  (Jr i t c ’ L  cao t ;:. c - t n j c a t t  , c ar :  I - L a - a - - c -  n
s t :at icc -a ; : ;  ía ; rc:n:u ,i rec -i on t h iia ;  c -e L  ion w i l t  (yes  = 1 , no 0)

( 5 )  The c a r r y — ov e r  c-ode t ha t  a-c I c ---n i fi C;S the i n  - r~ na-c- of t I ic
a ct i on u n i t :

e s s - ai c -t i a l  = 1

post~~c - o m m c -  to c - in c _ a i d  o v er  i c c - - - . - = 2

pos tpone  i f  crew iaa onai ’ - is 
=

bc-c Lo~~ the t h r c - a n c : o i J

iqnore  to ave id over Ia t ;cao = 4

( 6 )  The o r i e n t a t i o n  values  of the ac -Li omi un~~t:

bemicafit to I n d i v  P a c t  1, S
ud

b e nef i t  to crew , C c-

b c - a m a  f i t ;  to miss  i c c - : :

( 7 )  The type of ac t ion  u m m i t — — a n  i m m d i c a t o r  of t h e  p r e f e r’  - a t e - a ~i n
sccJ c - ct - i t i p  gr o~~p mrs -aU c n s :

floremam I , prelma ir primary s i c - i n c a  a l t - ’  1
trcc a i c - i i n c j , p r e f c - i -  a l t e r n a te  s ;c -ec ;  i nt ity = 2

cliff ic -ui L , in s ia ;  L on 1c -r imar ’ y s~ c- c- - k: ~a i t  = 3

8) A p r l or  ac t  ion Un , 1 t number  q 1 
t a h i c - t L  m u s t  i, ;: c o n t p i c - t e d

b a - L o r e  ;mc t  i o n  u n i t  u can bc- i n i ti a t e d .
( 9 )  Fn L l i c - t t :o r s  - c

1 
to a : j c - c - c - i  l y f o r  c-ac- a cqu ipaamc - -oi . arynt a c-ni whet :) .  L

on reaL i t  ic - r c - qumicce c’i to n c - i n c - t a l c - l i  a la  i - l;~’ c - a c - I a  i c - a c t  l i f l i t -  ( v - -a :  1 ,
0 c -  0 1 0i ’ c a t c h equ i~~c -: ’a c - c- - n L , a). ( I : l ( - c - ; c -. c - l  & W a l  f , 1969 , i c - I c - . 71-hP-’)

Hi c - c I I I ( i a :  I a L i e - , t i m -  - c - c -n - i c  i l :  - a ;  i - r e ’ i cc I - - a  - a , ~~~
- , I c -  - c - c -  -

rc -  -1  - c -an t  , r
~~~in c c ac 5 of c - i i n c - i ; ~i eL y c - f  I n~ i :i t,  - h a t  c- n c -  - -i : 1  1 t ip  I o c- ii I - : c - : - : ;  t I

uc ; - ah ( f a i 1 a t r c -  cc - c - l e a ; , c - c -~~ c - ; I 1  I i n n ; , c -f l . ) ,  I C )  c r c :  c - r c - c c : c -  1 ~ - - t c c c - c - ; ’  - i - _ i a :

I cc m m m i cc c c :  - c - v a : - - 1 ~: a cc cc r - i - - a a I e - - : ;  - . - r I c- c- - . -  , p c i  i a - - - c i - - . - , c- . ) , t a )

C ma ’ - - . c- c- a - - - cc i ‘c- - :5 c c-; - ~n t l  mc:  )  I m T a  , - I in

- - - --- - --- - -  —~
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The ab il i t y  of I 1 i -  p l c - c c - p  c-c im nu l a t i o n  i n c - c i c a l  to predic t  UlcIa I r i c al  ly
and indc- 1 -a:rm c ’i- c -m’ m t ’I y yen fiabic- oc.m ts ’~ Pc: criterion clat ’.a has  been I ea ;t c -d

in the  c :oc t L ex t  of a r e a l i s t i c  nuc l ea r  mcd ss .i le  sub;at- :arine traimm in-j

mission (Siegel arad Wolf 1969) . This check on ti-me validity of the

m o a t - - i  bc- cl  a n u mb -i: of s p e c i f i c-  purposes:  ( 1)  ‘to compare the model

p r e c l i c t i o im s  of r equ i r ed  crew composition with results obtained

f r o m  f i e ld  exper ience ;  ( 2 )  to cOs pare  model p red ic t ions  of average
crew prof i c iency , supervisor satisfaction , arid number  of unessential

work units remaining cmnperfornmed wi th  e s t i m a t e s  of those parameters
by o per a ti n g  personnel ;  and ( 3 )  to assess ti -me i n t e r n a l  c o n s i s ten cy
of r e su l t s  rel a t i n g  crew ef f i c i enc y , produ ct iv ity ,  cohesiveness ,
and morale as a function of crew size. The predictions made by tainc-

model appeared to ac-cord wel l  w i t h  th e expectations and pred ic-F ions
of FBM personnel , i n d i c a t i n g ,  f rom the  au thors ’ point  of view , a
generaliy valid model development.

In add i t ion to the benefits ci a ’n ived f rom a m n a l y z  ing  oprc-raL in~j

procedures  in s u f f i c i e n t  de t a i l  to develop t i m e  ne twork  na ’ I c - a - c- : o - a t t - m —

tion , SWM has a number of sign ifi cacmmt virtues. one is a r t e c h c - m n i : ; m _ a

for modif y ing pe r fo rm ance in accond with strca r:s. A seco;acl i:; tI m c ’

Monte  Car lo  componen t of the t echn ique . R a t h e r  ta im - m u pc -- ed i c t  I c m - i  a

j u d g m e n t  of the p er f o r m a n c e  of th e  -sys tem on t h e  sum of  S l i m  I a ’

sub task  expected values  , as in P 1-PiT ’ , S ic - i - I  c-x j c - m n- n a; 1 V c o m m a ;  i Lie i a ;  t a b  m

opera tors  w i l l  d i f f e r  in t a h c - i r  c c ,c - c c i : f o r m ;m n a a - - of Lhc - - c c - m a c n  s c c - h t - m a : k t a d

tha t the  c -ac me ope ra to r  wi  11 c - x h a i b I t~ ci I~~~~~~~~ c- c-~~~~~~:; i n  c - cI a -n - -:; :; I ‘c- c- c-c-

repcc ta l t _ i o r t s .  T h i s  c- ’ l l - .’ m : c L t -y t o  C - r c c C ) c - I )  a S S  bc - L u  w i  t h i n — c a n , - m  a c - iS  c - i i d

bc :Lwc -c-:t— opc - :c-nm taor v a r  ic -bil t~ ’ 0 , i f l  a c - m r  j u : 1 c -~ n -  - : i ta , an i c c : a c - c i  c - c i t

dc:; aid - - r m t ; c c c a c  i n  J a e n l o r i c  u f l- - c- r ca-P c- -l i i l l . A t h i  c c - I  i s  l I t -  .il i 1 i ~~y t a

a d d r e ss  m i - l i  i — p - - s-son sy . c t  era: ;

I

I 



Rc~por La No .  3 4 4 6  Li: c - i  I , 1 ; : -  r c - m m ’m c - c - ic  a sH ‘ - . a n  I rmc c

h’c c - a k i c --: r so a ;  t ha t-  c-ac see arc s imu i lar  in some r o a j e- c  F s t a t i m ’ t an -

er;coura L crerl in P1-P-Pa . ‘I’here ,i am , a .i i-st of c-i 1 , t i c - a :  quest :  ion of
w h e t h e r  v a l i d  st r u c  Lura  I r op rccsant a t  tons  aial da ta  cc -n  be as~~- a ia c b i - a c d
for  cc- s y s t em ira wh i c h  p o s s ib l  i n t a e n c - c t ’ i o c c c - c ;  n a y  be on l y d i m l y

understood . Secon dly ,  there ic - a a nuest inc -I Cc-I cc-el-n irig t he  50110(P) 

of the  a s sumpt ion  t ha t  the zcme an a ; a c - m i d  s t a n dar d  d e v i a t i o ns  sp e c i f i e d

are , in f a c t , the  means and s ta t a d c i r d  d ev i c -t i an s  of n orm a l  di :;t ~c- ~~
- -

b u t i on s .  Though soc-h arc a ss umpt  ion i r u i g h t a  bc-c- j t i c - I -  i f i, : -ci , a s in 1’P~~
c- i - ,

in terms of the C e n t r a l  L i m i t  Thc ’or enm , a c - a - c u l t s  of c- i  V a - n y  r c c c c - ; I t :

stu dy by t-lii is and Ha t f i e l d  ( 1 9 7 4 )  su gg e s t  t I m  t t h e a  I hrcca  p a t r c - t : t t c v  F - n

We ibui l  (or we igh ted  Welb i~l . l)  d in  Lribution inc-m y pi a-c-ide a U- :ti. c r  fa i t .

Th i rd ly , we have some concern  over the a b i l i t y  of SI-J c-1 — or ,

indeed , any ne twork  t echnique — to y ici d accurc-- m t e  j -  n e d  i c Lions  of
pe r fo rmance  in s i t u a t i o n s  where  observable  t a s k  dc-n: ;  i Ly is J o:-;

(as , fo r exampl e, in t a sks  r e q u i r i ng  a qr c -’- c - t t i leal of  I m m c ) n , L t o r , i n c l

and si,grc-al detection but only ac-c-c-si onam i. ::;ystcm ~i i m p -_ a t )  or whenc-

the performance of several operators fcmnct ion i up :1 rm p r a a a  1 lel t a m  a;

be assessed . The f i r st  of t i m e s - c -  : ; i t u a t - i o m ’ m: ;  is of c o n ce rn  no t  o c c m l y
because the network itself icc d i i  Fic u lt to cons Lr u ct  w h - n m m  c - c - i  I v it  i c - - c ;

are large ly implicit , hut- c-m is c In-cc-usc su i i i  c lent ch a ’i r ; m c t a e n i z ; m t  i - n i
of those activities for pu rpocmc - a; of asa :c- m mii i  i~ 1n cj  i c - c -  n a c et r i  C inp : :  I Li at 1 , _ a

may not b-c- achi cc-c- - c - P i c a . Our c - c - : a a ’c - - a ~ n bc t :hc-’ c i cm t t: ca r s i L u ’ cc F i o n  i a;

th a t t he  v - -h a U l  i~ i t y of the  c - s t .  i ; : nam t : c - -  m a c m y ,  a t : ; iii PI- PT , da c-
~ c - c -~ im c1 Oi l  I hc--

n e t w o r k  c - c c - n f l c-~u r c m t  i o n  c - i m t d  t ,h c -’ - L i - - p c - c - ave  of in  t’ ’ -rc o m:mc - c-cLc -. - - i n c - c : c .c- o1 1 c - c - ’
t ank : ; .
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2.2.3 S c - J -~ i

U n l i ke  PE R -f , SA1P’P (S y n c - e a r s  fr :a i ysis  of I n t c - r r a t c c c i  Nc - l awo rk ra
of Tas-:s) is a nean- c--ork t e c h n iu c ic -  t h a t  embodies a v a r i ety  of types

of process br c- a n c h i nq ,  a set of a l t er r m nt i v e  d is t rib u t i o n s  for  use
in mode l l ing  i n d i v i d u a l  task c- i c c -t e nt s ,  and a P nnt e  Car lo  procedure
for  sampl ing  fro:- ’: the  d i s t r i b u t i o n s  sm n _ a c i f i e c l . Designed to c a p t u r e
the b c - s t  f e a t u r e s  of the S-ic-gel and Wolf  approach and the  ne twork  in— i

and symbol m a n ic - e l a t i o n  c a p a b i l i t i e s  of GERT ( Gr a p h i ca l  E v a l u a t i o n
and Review Technic-r i o ;  see Pritsi:c- r and B c - _ a p p ,  1967)  , STI TN T contai n s

a Fortran—based user language and a forrna ] . symbol i sm w i t h i .n c-ilm lch
to represent and code critical par c-meters at each ne twork  im o d e .

SAINT has been employed in a wider  r c - an g c :  of s y s t e m  m o d e l l i n g
contex ts  than any other network amp :iroach ic-lent i f  ía - Li in tim i s revi c- -’ .

The following are illu strcati c c - c :

1) Choice reaction time (Flamnn and Kup erman , 1 9 7 5 )
2)  Remot”:ly piloted v e hic l e/ d r o n e  ( } i L - V )  con t rol f a c - c i  1 i t y

( W or t m - :_ an , D u k e t , and S e i f a a r t , 1975)
3) D ig i ta l  Aviomaics Information System (DAIS) (le s lun

( K u a - e a : i r c : a  a m - ad Pc - i  i a a v r t  , 1975)
4) LIo L stri :,c- n m i i l  procc-sc-; control (Maitus and Huck , 1 975)

5) A i rh -_ a: a:-: - -c--:~t c - - t m  L a m p  ac -id (-ocd roi systc-a-m c a ; (P i l l s , 1976)

In  t h i s  S-:CtiO~t c- -c- s l i c -’ c I  I a~ L a ’ : p - t ’  to h i g h l i g h t  those  ch a r ;mc—

t a r i c -;F ic - a of 1 :-ac I e cai ic a iqm me t e a t  ;a~ ‘ c-n cr Fe p l :v  l t m’ i j o r  id ea; j i m  i t : ;

u t i l ity  c-n c -I  q c - c c c a - ’ l - a l i i  . Pc-cad na c int c - rc -a ;t cai in m p- - -ci f i t :  a I c - cd i c c - u —

tlare ; a ad i n  t he  d n c -~~qn  ~- I m  i i  oscp, - I c - :  a u r a l  i t ;  F c c -  ma m l  o r p c - m t l  i c-a m t i - i c  a t

ft- \ 1 i , a  c -m n - u r ge d  t a c -  n c -- c - id t h e c - h a  c-a L  m - c- - f -~re:aces c - m u d I l i e  :av ;t a~~i

clue - a -nt :; p r e c i d - - - ,1 i - - c- - P r i t r i L:c- -r a t  c - J (197- ) c - a c - i  I c - a c - c c  t i c - c -  c - n , c- P c - m i  (i~~~, )
c - c - - s~~~- c L i v  - l y .

I
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I~ c~~ t R~ - r - i n - P - :  c - m a d  Eec -cc c - n a  l m ~C.

2 .  2 .  3 .  1 T a m _ a k  C c - n c - c -  -c c- las

As in PERT a nd  P\ -~--l , Las] ; : ;  are  r c - l c - a i t cc1  1’~ - - d a  ( c - c- ltc - i’ in  ~~;:- i~~~~
-

c-

by pr ecede n ce rel at ion sh i p s .  These c- nc - c e - I c - m i c a - c - -  i c - I  i o n sh i l  -s

spec ify  the f l ow  of opc:ra iai orts throimph L i m c -  I -a -c- :  - :  a m m c i  i i i : ]  i c-~~:t _ c--

which tasks can be star Led as a result of the  cc_a - : - l o t  ion  ~~ c ;i vt -m a

prior tasks.  U n l ike P ET -ri , the  comp] c -L i o n  of p c - m r F c - cc :  l a i r  L c - nk s  in c-cc

SAINT network can modif y precedence rd at c - c - n c - c-ic -c-’ . :  ; h i t  c - - n  I c - c c - k : a ,

thus a l t e r i n g  the  f low th rough  the  network .

1\ g iven t c - asi-c -  has  as soc iamt ca cl cci th i t * npu t , f . m  i i:, c - mad  oct  c - u I:

pa rameters  t h a t  s pec i fy  the  n m a c - v : i c - a - r  and  n_ a  t ur e  ( :  t c a d  

tasks F U at sic-s I b aa  coric-ple Fcc- cl before the t c - a  -ak in - - -P i on c c - c - c -

be be - gun , characteristics of the task aticl stat ist ic-al i n  I n  L a -  m t i o n
to b-c- col 1cc-Led c - ic - - I  t h e  b r an c h i ng  ( t o  o t h e r  t a c c c - P - a s )  t o  be } ) a r f O a a , : - , : I

at i t s  conc lus  i o ar  , res~ c - c - c  F i v c - i y  A brief s a m c c ; : : a c - l  c - a  of  : t j o a - L a c c - t
pac rc- ::aaac-tc rs, in aci d it , i o r m to those  that nj - - c - i  ly f i n c - ;  H m a c - m m - a l a  t i : -

ne ta ’ - c- -c c - c: k , in pros t and  L c - ac - i c:-a f o r  t he  p u r p os e  o f  h P ’ J m L i c - j l m t i n c - i

tim - c - i i c - c H c l i  i~ t I l c _ a . , L b i  i i  F-p t h a t  is achievable t I - c c - a - c - h  t h e  P A I c - 1 ’

to c-h no iop y

2 . 2 .  3 . 2 ‘i a m m ; i ;  I ) u a c - :t  L i o n

‘f i n -  t i m - c - n tan o a - n f o c -  ama a I c - s t  i _ a  n j - n c - i  f i e d  fl: t (-cc_ a_ as of cc - Li - :; i a - I

s c - a t - p c - I  i i : ;  d i n t  m i b a i L  ion  ~c - a : - l  c- a ; - t m  a c - c -- e l c- c- :; c t  - c i t  i c c - I  Pr t h - - m i m ; - r .

‘lb - I ai i c - c ’ , I m a - ;  a i m : :  t i i  i c - c i t  -i - c - a m . ; - a n a - c - t v - :  ~~i n j  - 1

I )  ( i t  a ; a ; 1- i t  7 )  i c - c’ I -

?) d .a  cc - c-~ ~i ) (~ i’ - a t _ a m

,
~

) 11 mm I t o m  :,: (l~- -a ’~ c-m t - - j a i l  m m  ) ~) l e t  c m f c - - L i  f - c  t i m : - - - - c - _ a m 1 cia-: ;

4 ) I t  n I a m .; 1 0)  Pc - m 1 c - - - : ‘( c a m ;  I i c - i

5) h - u - . - n r c - c - a  1 1 I ) i t I c - c -  - ‘ c - i  c - c -

( ,) P c i  a , : : ca r

- _ ~~~~~~ - -~~~~~~~~~~~~~~~~~~~~~~~~ - - - - - -_ -- - -~~~~ 
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I I mr _ a cr e of t i c - c - a r  c-hove luci a Li  om’ c - a ; arc-a appropri ate t.o a g i yen

t a sk, hac -t c-n a ]  I - , - r r c - t t ,  iVa- c- c -mn b-a: :;p( - a :  i fic-ci , the SAINT language

p n O V i  (fit a; at a a c - - c - cur : :  h y wit  i c-h the  cts -r  c ’arm c-:rit cc - t ha  alternative a

f c c - a c - I i - a c - a  c-a ma; c- I subrout inc c - a r i a  cc -api  cc-y i t  i.n t he  s m ula t i o n

2 . 2 . 3 .3  T a s k  Essentiality

c - i  PT orov,j Lies a m a c a - c h a r m  i nc - a c -  w ia - - :re hy t c - sk  s c - a ’1’ L- - qrc-dod i l-i

t u r n - a c ; of t he i r  e s s e n t i a l i t y  to thc c -  t o t c - m l systcc-cc c - c - i  ac-~; i c - c -  .

d u r i n g  s i m a c - a l a t i o m a  of the n m i _ssion , r - c a m t m i n i n j t i  - g m c . -.-:; c u t  i c - c - m ‘

short , less  i m p or t .  a n t  t c -m s k s  m a y  h-  - skij’; c-Li iii 0 , _
c i t _ a . F - )  ~iss- a - t i m -  -

completion of essentia l tasks.

2 . 2 . 3 .4  Task Tyrie

Six possible task types can h _ a defined in SIcINT:

1) Single Operator Task

2) Join t Ope rator Task

3) One of soc - c - c - ic - i .  op -ar r a to r s  ( f i  ic-n t to become available

completes job)

4)  H ar d w a r e  Task (no h u m a n  ope rc -mt ;o r )

5) Cyclic Ta sk
6) Ga ip  F i l l e r  Task ( comic -p l c -I -ed  o n l y  if Ia i::c -c- availnabi c - )

2 . 2 . 3 .5 Ta sk O u t p u t

A f t e r  a t ask  has been coc-atrictod , a dc c ision is r n _ a d o  as t o

which  of n tasks should mm ext bc-c- a ; b c - n t c d  . S i c c c - a : - r  t he  set of j c -  c - - c - :  I b~ ‘

next tc-m sks i s  d e f i ne d  lay the  n c - - Ic -c ork , t h is  ( I e C a L _ a i O i i  r a c - - ; u l t s  i n

tb : -  selc- - c tio n  of in from c - I r a t O m r q  t he  :m j c - o e a ;  i c - i c  l c r a a tta ,:Tm- - .c - - c - m u u i - - a ’t m r _ a

the ca_ ac -a~c -leL ec l t a a i Li: w i t h  - et c - c - m i n i n g  t c - t s k s .  }c - ’ i c - - - Li a c - i : ;  i o c c -  r a m l e a ;

a rc  i a a t : l - , - mc ’ :m I c - - L i  ~i ma SAINi’ : cc

I

I 
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N a c - _ a r t ‘c-o. ~~~~ i c - 6  Bol Ia I a - r o t c - o k  ac - ac - I Nc-;- z : c- ’c-ri I n c .

1) “Deterministic , in c—hic k au ], n ic - n cm m~clmes care selected.

2) “Prohabilist ic- , “ in wh i.ci’m one branch  is sr - Ic c -L cd ( ‘c - a l  
•

the basis of a random number dra’.-,’ m m f r om a u n i  f o r m
d i st r ib u t i on . -

3) “Conditional , ‘t ake f i r sL ’ ,” in w h i c h  the first br c -amn c - cah

s tai s f ying  a spec i f i ed con d i t ion is se lec ted .  Pos:; i ,b le
conditions are (a) associated task couamplcrte ; (b) accrued —.

simulation time equal to or less thc-m n a sp e c i f i c- c - i t imm i c ’ ;
(c)  associa ted  task not compl eted; (Li) ac-crueci

sim u l a t ion  time g rea te r than a spec i f i ed t ime .
4 )  “Cond i t i ona l , ‘ t ake  a l l ’  , “ similar to the cr c -c-ced ing  ru le

e:-: -ca c:p t t h a t  a l l  In b ic -acrc hc ’s sat i sf y i n g  s L a te d  c o ndi t i o n  —

ar c-a t a k e n .

5) “Nod i f i ed  probabilisti c ,” sim il ar to “prob abilis tic -,”

except that branch probabilities are qu a l i f i e d  by t h e

number of previous coaa-pletions of t ime task f r om which
the  br anches e m a n a t e .

2 .2 .3.6 Statistics Collected on Tasks

Five types of stati stics relative to tempor al aasj )c - -cts of

pc - -rfor c - a f l c - c -  c - c - a r  h- - a - c-n i i c - c -c - t a- al c - t r c - ,. I  t a c - u l o c - l c - m t e d  in I ; A 1  NT .

1) Ti c -ac - of f i r s t  c o m p l e t i o n  of c - a g i v e n  I c - a c ] ;

2 )  T~ c--? of all coc -a -. ; c - I l c-F  ~o ;cs of - c - q I v - -n I -m : ;k 
-

3) TI c-c b a:- t c-ic -ac - c ’m: ( s c - i c c - a c : : : ;  ,j y a m )  c c - c - I -t~ c - I  e L i  or a; c c -f  am q I v e u m  I c - ad :

4 )  T ic -  - r eq u lr e d  to c -n - c - p t - c -f  a - I (j i \ ’ - m m I c - a c t

5) ‘ i l i a c - - c -  c -l ,c -m j c - sed f m cc - : c -  c - 2 0 ] c - : a a i a i j O c - I  c - c - f~ t I r  I i r : : I a r - d - - a ’cc- a c : : a c - m

F r - -; to ( h - _ a  c - I c - m a a c - f  c-i  c - j  I v -  - m a I a - a c-a ,
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k -c-p or t  No. $446 BolL  N crc-~- u r i a k  and N a - ’ ,’ c - - t c - m a’i i m a c .

In adUl t l ea r  to t:hosc par cimc -_ ater s tb’r , : t  charac terize task

astruc Lures in SA PT , t he re  ic- c-i s-ar t that cIla :c-c-C Lc-rize :; the ope- -a c - --

tor (s) and that serves “ -lao make a missi cc-:c opc-roLo r—a~c-c-ci fic ”

(Pritsker , et al , 1974; p. 17). The e sser m t i a i  m r c : : : b c c - r s  of this

set are sum a i r c - c - a r iz e d  b r i e f l y  below :

2.2 .3.7 Operator Speed

Values assigned to t h i s  pa rc - a c -r o t o r  r e f l e c t  d i m  fcrrencos in

task pe r fo rmance  t ime caused by d i f f e r e n c e s  1mm r :r o I ic - i e n c y  c - c - ai d

training among individual operators and groups of operators.

2.2.3.8 Operator Accuracy

Values ass igned  to t h i s  parameter  r e f l e c t :  d i f f e r e n c e s  i r a

performance accuracy clue to d i f f e r e n c es  .i.n p r o f i c i e n c y  and t r c - m i m ’m i n q

among i nd iv idua l  opera tors and groups of ope ra to r s .

2 .  2 .  3 . 9 Ope rato r _ Stress Due_ to Workload

As in SWM , the stress imposed on an oper-aat :or is d e f i n e d  as

the ratio bet’.-ccren the time requai r me d to complete remaining tasks

and the time a v a i lab l e  to complete them . In addition , the h c - a : : i c a

SWM p-inc iplcrs associated with performance accaurnacy and time am-;

a f u n c t i o n  of s t r e s s  i c - - V a n  are  c o nt a i n e d  in Sic-c - f  PT .

2.2.3.10 Goal Cradicr’mL

T i m c , c- c-n c --ac -only observed i m c - c -  i c - c - a r c - r n  in the  m m- a a .rin cm l c - a c - c  c m i  i cy  c i

p e n f o r a n z m n c - a a  as o cr c -_ a nc - c - c -m r s  c:ornp l c c - t i on of a t a c - n k  c c - m u  bc - c -  s o  at l c - m t c a i .

‘ro a a p p r c - c - - : inmc - i te  t h i s  e f f e c t , F i r - c -  P,\IP l’ us er I c - c - - ’ : ; , ’ c - i i~~ - : ;  , f c c - -  c c - c - f r

moclc- ’rilcm d c c - ] v - m i c - L a n a , c - c - v dcie  1- ( - I l e c a L i  i - c c  f l - a c l ’ c - r c - - : - r I F c - i a l a -  oi m a - i  c - m a  ion

c c - c - ; a c c - l c ’ t i o ; c c  r e c - r u i n c - a c h  ha - b r a -  ans I of t , h ~~ qr aad i cm ’t . ‘l b - c - p _ a d  I c c - i t ,

aid c c l  f 1S ~
)n- )d It (ac- I P7 c - c - d c - h  i i ’ m a j  I _ c - a  the  n c - a c -  l u a u  ] - c -  c - h c i I )  1 1 i ty of Sc-1(c -’a : a  c - a

a v i c - me c: a m c c -  - c -  m ; , i ’/ n r  ai m ; ci d i n - c L  fian c t ,i cc -im of taac- c - - : - : I c - - u i l  of

c - - a :  - ‘ m  m l -  ‘ - _ I t - ac k  c-ac - c- _ t a :  - i c - c -  .i a c - m m



-- - -~~~ ‘ - -
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_-— 

I

Rep-net ?-Io. 3 4 4 6  
c- 

1 ’ : - I t i c c - - c- a - t N  c - a r Li P ‘ c- ’ -
- I

2 . 2.3 . 1 1  C - c - a  a c - n t

As a s i c - a c - a  lat i c r i  utility t ic - ca t e ; , a a d o y . ;  a l c - : - L t c - a a c a-- cm n c-~~ j c - c -  a c - c c - i c -

to porferra:c-ncc_a ~c - r c c - I  i c - f :  ic ;: , IP’r iP’i’ is ;-: c I a c r i c - l y a’.~~t i a o ut  F _ a - c-e r c-c ia t h i s

Lit _ a - c - . I t  incorporates ‘-chat we cc a ac - c - ; 1-ka r to I- c - a tb-c r rno:- F sat is ~ a c - c -  i c - c c - n y

concep t s  c-iith c - c c - p c - c t  to Las 1: c - c - ! r c i  cc-~ c- cr a a  For  j t : m  n c - c - c - t e n : ;  i d a _ a t m  t i f i ed
in Sc:-i , and er-aploys a high i n -va - i  11 c - I c c : 1 c - i c - a a l _ a :  t h a t  is c c - a : ;  i ly  lea  m o d

and manipulated by the usc - i . F u r t h -r , t i c - c - ’- v ery  f i e x ib ]  o b r c - r r c - h i i n g
structure and the capabilit y for charmq ina~ the c-c ’ a c - u - c - n c -c - a of

subsequen t t: ac - m - c ks  o f f e r  c-/ic -c - a c-i is p c-c - ala _ ac - ps  c-c- un ‘cc- c - m e app-c- n t c - m a a . i  lay f o r
the s imula t ion  of sy stem missions w it h  l a c - c -, c - a I  cl y a c - a m  ic - a  n c - c - i c - I c r

Like o the r  no twork c -j c - p r o c - r c h c - s, i a a a c -’ -;e\’ c -  n , tb -c - - v i i  id t y  of
SAINT ’ s p r e d i c t i o n s  is o m m l y  an ; go _ a c - a l  as the cc -a : - I - - t en - ass  c - m a d
v a l i d i t y  of the set of i n d i v i d u a l  p e r f o r 1 : r c - a c c a c -  - mo-del  s u n ,  c - i c - - n i  v i t a - ;

tb-c- :-; . U i c - c n r c - a -  in a real  m i s s i on , for (- c - c - ac - c - plc , m- ;Lr c c-sm - ; is onl y
pc - c - r I  1 a m a t t e r  of r equ i r ed  tempo , Sic- [ I c - a c - l a d  - C c - c - !  ‘ S a - c - a c - c - - : :  ma i n

task branching ari d p e r f o r m a n ce  accurc -uc’ y n:c -y U - .’- m a . :  c- i c - c- c- -s c- c - ;  . ‘i i i - -

point here ic- i c - a m a  obvious one and h ac s  1cc- en n r c - - i -  - 
~a c - ’ us c- c c - I lay 01 ftc-

in coma _ ac - c c t i  on c-i l, Lh ot , imer bo t tom— cap c - i~c -J c- n - c  c - c - c i r c a : -  . The P - a  ~c-r  I a ;

nonc-th -i ess , o f c a nt  m u  lug concc-rn

I,

— I )

_ _ _ _ _ _ _rn—--—  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Report  No.  3 4 4 6  in c , c - f l  P c c - a i d  t P c - c-;; c- u ! m  Ia.

2 . 2 . 4  1 c - c c - c - i ; i a n r r : l G e o r cj i z c c

Because it In or ,Lcrutcd  I oc-- - m  ass C : :  c - ic - i i c - c - h Ic- c -  a L i e -  so fe t 1 c - t~ a c-I

r e l i a b i l i t y  of sys Fcc-c-as , L1: c-.r Lr ,ca ch c - c -  i — C e o  a c - - a ’  c- : t ’c-c-h_a,i g ’uc~ C r c -—C ) is

concerned explicit ly rind aimcc -ost c c - ti r c - - J y  ;;i t ab t im e i d a - n c - I  i t i c _ a c- L i on  c - c - s c - i

assessment of failure modes i.n c-ac -a_ alex m r t c a a ’i — r- , t ch i n -c -  s ys t a  -c -s .
I t  repres-_arats an a n a l y t i c  approac~: F- _ a  [) c -’ r  _ a o r ; a , c - a r c ’- pred I c - F  i o n

as opposed to the s y n t h e t i c  c - c -p p r o_ ach  employed  by t i c-c thre-c

techniques reviewed above . In t h e  s t udy  of c - c - 1 L c - - r r a c - a t i v e  conui~~c-m ca—

t ions of n c - a c - c -n and equipm c-c -ent in A l l — f e a t h e r  i c - an d  l ug  Sysh ~rc - a ;  (A W L S ) ,

f rom which the m a t e r i a l  for  the c u r r e n t  d i s c uss  i a_ am was dmac- c-’n , the
technique emp loys point  es t ima tes of r e l i a b i l i t y  selected fran -a
data banks , the hun-ac-n factors literature and , in one instance , a

model of huma n scanning and detect ion pe rfor mance ( 1c-dkins eL . al

1967). Tic -cc- t echnique employs the  coracept of fcc- ui-F—trees and u ti l i~:cs
the stambri conven t ion_ a ;  of me ] i ab i l i ty  theory  for agqreqait- ion of

rd i - a b i l i t y  d c -t o  c o n t a i n e d  in those  a n a l y t i c-  s t r u c t u r e s .

The Lockheed— Georg ia AWLS tc:’hniqca e is in t ended  t-o c-c- c- a ’ms’c - c -’_ a c - r

the follo c-c-ing questions:

sc - ], Do the  demmc -andm-; that are c-laced c c - a a  tb _ a -  p i l o t .  i c - u  t. n - c - a :, ’;

of ora l , v i sua l , and ~i i ec - l ccc -i r e c au i  r c-_ am~c- n L s  c - ta  t i c - .-

c r i t i c-a l  phases of I a n d i a c - q  c-ac-nd t he  m : r m i t ,  iple t c - a d ;

s i t u a t i o m c -s impa i r  s a fe t y  or have c l i m - a o r - i e n i , c - t - i v _ a -

e f f e c t s  on the  f i  iq lc-t  crc - ’:~?

2 .  t;:’-a _ a c - t  i c - ;  the c-ad equ acy of I he v i m - c - c - i  c - - - : c - : r nc -~m n c l  c - ti c - I

;-nc -aiti on im c - foi - m r c - L i c c - a  c-s ‘.- ; --l l c - i s  a t  i c - I  C ;mn: ti om i c - -la ~~-~ ?
a 3. t h a t  I ; ;  t he  d i s t a r i f a c - i t  in - : :  c - c - i  c- ;on- ;  i n -  t~~ c-t h r ( a c - t ( j  c r c - - -;

rc - cr:a h c rs?  •1

~

- --~~~~~~~~ -- - -~~~~~



it - c - a c _ a ; L I t _ a c  - j 0 4~~a firdl t Bara rac-P c - c - m i d Nc-;-; a c - - - ’a. ’ : In c a .

T a ;  ti;e \ i:;u m! sc c- i aum in ; ; l - _ a c - t t c a n l i  c - a _ a i m : :  ~; : nLI C ’1i  t h a t

rc-:-;a- : i .r c - a :- c - - c - a ; n c - - : t  a - - a,:- c i :,, ii aL i c - j r a cc - f  d c - L . a  c - c c - m r  I a - ’ -

ac-h i c -  - c r c-I ? 1 a ; t i c - c - a  ~ n-c-cm I c c - ac - o 1 a c - s t  d c - c - c - c - r n : :  I a; a - c - c - l c-a c - ri L c-cc-ic- ;

epic- i m e a m : : ?

5. Arc- r c d u a : - J a m a c - :  c - m mc - c l / n r’ ;,, c-~c - i  t.c - c - nl it ar J c - c - ’~~\’~~c - ]_ a c -;~~; r - c c ac - c - _ a;’mted

in a m a’r c - a m c - ; : : - r  th  i t  c - i c c c - c -. - c- a , i  c - a l _a~c- t i c - c a  d c - c - i n - c - _al 0 bj e c- t l v L .~
Are tic--s-so Ic-rovisions of f e c - I c -  ic_ a- , a c - c - i  u s  ‘ c - b l c ?
As an e : - : c - a c r r p l c c- , t l t - ~_a c r c - a c - i  l o t  f i  i c - d c - Ia d i r e c t  I (c - a - a In fo rn t . L tOri

c- c-may serve c -ms b _ a i c - h u~ c- fo r  t l a c - a L  C) I t h e  p i l o t, , i c - a t  is t i c - -  - c c , - c- c - t i y

effective r c - t h c - i a c - 1 o ;m c y  i f  t i c - - ’- copilot is 1 e n i ;i np  out thc-c-

wi mac ic - :: - ;  ~n c - i r a  a t t e m p t  to e s t a b l i s h  x - i c - n i a l  c o n t a c t

w i t h  tI c-ca ground wh:i le t h e  p i l o t  is totall y coa c - c :em it n c - c - F i i i - ;

on his  own i n s t r u u m c - e n b  sys tem?

6.  Wh ai ta - is the ~ n o h c : b i lit y  of i n a d v e r t e n t  a c t u a t i o n  or-

-

‘ rospoma sc’- t -c - c - d gi v e n  task? Aiso , wic-ai t i n ;  Ic - t ic - ;  sus—

c-eptc-abi1i~ y c-to nc -i -s i nterpretation or c - m c - i s r a - c - a cJ i nc; of

v isual .  d i s c - i  c- c-v a ?
7 . What  is the a d - c - - c - i c - c - .  i c - a c-_a of t ic - c - c - feedback c - am ; a ‘a - c - su i t  of p i  i c - c - I

a c t ion  d ur i n :~ the c - i l L  i c - c - I  c - h - c - a ; c - - s  c c - f  f l i gh t ?
8 . Does L b _ a-  sequence of tac-};c-; being per f-c- c- ar c-of ( lc - l r i n g  I bc - a

1 cm nd .inc-; cc - ;c - c-aisc -at i on yield ma c - c - i mum e ff i c i - - ; c - c y  c- ic - c l mim i a _ a cm _ a t

error  ~~ c - c - ( c - i c -  r b i l  i t y  on t i m e  pa r L  of t i c - - ’- c c - c - - :? ’



- -- -~~~~~~~~- - -~~~~~~~~~~~~ - ‘~~~~~~~~~ --~~~~~~~~~~ - - — - -  — - - - -~~~~~~~~~~ 

I

R ep o r t  I t ’) .  3- i -I~ c- Bo] t B -ra :- i- _ -k c - nc - a l h c - c - w ; a t m m i  L a _ a r .

As in c-almos t c - a 1] tc mcaic - u c - i quc - -c - of the network t ype , the ii rst

step in the L—G apb a c c - c-ic h is a comprehens ive  ; m m a a i y m a i s  of tb _ ac -
tasks and c- c - d c - F c c - a c - k r ;  t h c - c -t must  bc- accom_amplislied , the t ime rec I ;mi ,r c- -c - i

to complete each , and an assessmen t of the criticality of

successful completion. Since in th c - c -  AWLS project , the displays
and cont ro ls  employed in the t a m ;l a s/ su b t a s k sw c -r e  of d i rec t co:-m c e r n ,
th is  ana l ysa i s included a stud y of c - i m i f o r m c - i a t i o n a i  i r r ~ a ac - t ’ and

“ con t ro l  o u t p u t/ f e e d b ack ”  to the p i lo t  and crew.

From this task anaiysis and a p c-r au ie l  an a ly s is  of s y s t e a a m
hardware and control functions , fault trees w-c -r e  constructed tic-at

depicted c-h e c-;ays in w h i c h  t h e  m c - i s s i on  ( i n  t h i s  c-c-so, a s u c c e s s f u l
landing  or succes s fu l,  go—c -a round)  could  f a i l , and the  -L i o l o c - ; y ,
in terms of m a l f u n c t i o n s  of e q u i j . - a c - c - -- ; m c - t and incorrec t  r ( c - n s I c - o m c - c -~c- - a ;

on the par t s  of o p e r a t o rs , a c - s o c - i c -L c d  c-dth each of t hese  f ;a i i - a m re
modes.  Re l i a b i l i t y  da ta  were the i r  d raw n  from a variety of dat a

banks ( e .g .  , AIR Dc-c-ta Store , Tit c- c - at II , Aer o jet  G e ner a l )  a m d

posted to c-appropr ia te  brcim c-chc-rs of the  t r e e s .

As noted above , the  degr c - -e of success w i t h  w h i c h  v a r i ou a ;

displays c-a c-cl controls c-o u l c l  hem cc:- c- by ope r c -m I - m s  w a s  Cou c -c - ;i dc- nc - - P to

be critic - c -mi to mi:; c-c- ion n - c - a Icc -ac - a cm . Fur  t hor , it W c - i 5  c - n - I c - a ;  i c le ’a’ -d ti c - iL
clcrj r c - -e of succea; s w a i ,_a rc-ai at -c - -cl i c c - ac - c - _ ar cc - mm i c c - a l l y  to t h e  1,oc c - it ion  of t h

required display or c-omi t msol on t i c - _ a  i n r ; t c - - c - m m i c - - n  L p c - m n _ ac - i  . Gi c - c c - m m  t i m  i a ;

a c-a c - a : ;r p t i o n  ac - c - I  the  obvious  i i a a l c - osSi hility of 1 c c - c - c - c - I  1 I c - c - ;  c m ii

I n st  r c a c - r c - - mc - ta s a t  t h e  n r c -n t  d c - - c - i  i c - c - U I - i o c - a a t i o a c -  ( i c - c i u r - , - 1 c - c -- m c - t c  n )  , c - a r c -  -:

enc-p i r icc-si nc-o le .1 b . a s c - c l  c c - a c- d c - a  F c c -n t  on a c - t i c - i  re :;}’c- c - a m  c - c -  - j c - i  c - c - i a _ a U  i i  i t. I n-s c - a ;

a f c m m c c - L  i ot a  c i  ( - f f — c - i x i c - :  sc n m n i c - i n - ;  p c - c - c - v  t i c - -ri i n pu t a :  t~~ h m ’ . a m a a i c - n - c - a

c - m s s u , i ; u L c - - c i  c - s i  t i m  i c - a i j c - m c - a - r ;  i n  .t a c - p u t  c - c - i  H - c - i l - - c - c - h  c - c - f  i i i  c - n a : a m t  i c - a c - .

-‘-_ ‘__________  ..- ~~~~~ ----~~- -- -- - -
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Report  No .  3 4 4 6  B o l t  P - a - i c - c - a l :  c - c - nd  bc - c - -c - c - c - ; a rc- I n c .

The no m imi a l  p c-ab c-h a  1 i t  y of occu r  r c c - a c -c - c -  a i c-a q i c - c - a c -  I ca l l  urn-

ic-mode ide n Li f i -c- i i i i  t i c - c -  tc- rn- - - ~~~ S i , i a c ia c-i . c - c - i  as  unit v n c - i c - a c - a : ;  t ic - c - c -

product  of success j : r o b c - m I c -  ‘a 1 i t ie:;  p c - s t  - - c-I t c c -  l~c - i  c - c - n c - i c -s l c c- f l  rig to

t h a t  mode.  Ic-i t he  A N t S  c - c - p i c - i  i c c - t i c  a: , c- -i , i t  w - c - s  im~ - c - r t amc - t. I n -

consider that occurrences at q i v c - - i c -  f_a I n  r~ - u t  ~ c- - a -l y h c - - c c - i t  ia- c - c - I

to succ ess if they 0cc-c-- n r c - - a l  a L ca -e r I _ a i m :  I i::n - -s i n  I : ‘ - i c - a i d  I ma c ;  c- cc -u n - c -nc -- .

In such instances , rate of ic -i lu re  p r o du c t  i n n  ( as  r c c - i m F -i I c - c -  P u t _ a

t ime , nrc -_ a c-mn—Lime bet~-;c- _ a a m a  f _ a  i iu cc - - , e t c . )  n- c- c- c - a m -. i i a : h c c - r L a f l L .  ~- f c - - a r e

r e l e v a n t , t b - n , j- r a c - I c - _ a bi i it ~~ Of succe ss I a :  c] ’ - f i m a c ,- c-l by t i c - c _a s L ; t m c - f c - r c i

reliab i l i ty equ at ion .

= 
—t/nm wh ere nc- = 1/f

arc-P P = pro bc - iUi  l i ty  of a ; m a c - c - _ ac, - ss

t = fcc - Ic y t i c - a c - n

m = flTI3 F

f = fa ilur _ a - nc - a l a- ;

There a re  i a _ a c - a c - V  o t h e r  f c c - c c - I s  F -_ a I h T c - — G _ an t c-ro:acli I b c - c - a t  r n _ a c - k - -

u s_ a- f u l  i n t h e  asses  c - a r c - e t c - F  of c - cc - ac - id n -a-: a q c l r c - ( T at  i ~) I c - S  of i - i  c - c - c - c - h c - i a ’c c - ;  c - a i m - I

hardwcart’-. One is ASddT ( i \ c - h v _ a i a c - d b y s I c - - c a c -  S a f e t y  No a m e r - r i  ~c-g c - j c -
c- c- c-~~~~ c-~~~

nlques) ,which coaa t , c - m . i c - a s  cc- I c - a c - g a -  sc-F of p r o  ~ra m - ~a; I c - c -  com~ c - c - u F i m a ’  t ic - c - -

r e l i c- h i  I it i r - : ;  of d l ’  f _ a - c - c - - m i t  t y p o s  of a c e n i a c ; , ; c - c - c - r c - l  l a d , and  nc - - i aa a ’i - l :ad

ma r _ ac - n / na a c h in c m  n eL c - - ;ou l . a -- a n a l  of d~~n i v ’ i i r ’ ;  f r a n c -  t a h c - i  n c - - c c - i t - a l  c - c c - i l  c - h - i I L  i c - c - ;

~m f l  c - - ; ; F i n - c - c - a L e  n - f  tic - c - - cmc - ; c - ; ( cs i c - a t e _ a - c c- ‘ : ; a c - f c - t y” l evel , i - c - a : -  - I  on i c - - c - c - !  - - - H - c - a c- ,

a l - p c - n - c - i c -c- ~‘_a I  L c -~~~ c - c - , c
~~

c- t c - r a c - - i  c - c - c - c - I c - c c - i  c - n - a c - - c - ic- - - -
~ y ,  c- I c - . ic-, n c - c -~c - c - c - l  i c - a  1 k - c -

F m  c - i a c - a ; I on c - c - c - c - t  i c - a c -  c c - f i a i s t a r . i c - : a l  : , . - i c - I c - - m c -t clc - i t ;u i c - L u  ‘ ha ’ : m n c - l ’ i c - i c - c - i t ;  c - I

t i m  I c c - c - i  I - -  -. t i c - -  c - - I  i n  c - ca a c - - m a r c - c - a ’  - i c - t a  o f  I i i -  - c i  i F i c - ’  a 1 i i  ~ cc- f Vet  i I c - a u  a ; i c - i  I I t a r c -  -

m a : ’ . c-

-- 
- ,~~~~~~~~~~ _ _ _ _ _ _ _ _ _ _



N- - : c- , c -  n - I  b_ a _ a . 3- -; -
~ i c c - i  i i c - - r c -  a c - c -  -P e t c -c - a l  ‘ - a t - a  I m i c a .

2 . i . 5  T c - n - ’ P H c-

A m c - o t t c - c - _ ar I an - - - -st r ’ c- aci c - i c - c -c- c- c -n -p ro c-ak to  c c - - S j ( c - c - i a c - c - i f l c - C  ; c - r c - Jc - : I Ja i l

is Llc - c -~- 
c- l c- c - c a h i c - i( j c - c --c- for  hl u i ;a - -c - i c- -or Pr e~i ic - c - i’ c r a m  ( T l i -~R I ’ )  dcccl  n -p -a d by

Sc --sc -in a L  S c - m a c - P l c - .  rlic- i a ;  t e c - k a i c~ c - m - -  bc - as f t - c- - c - a  d i c - c - c c m , ; s n d  I r a  c - c -

c c - r i - c - t v  of cli i f - a - c - c - c - s a c -la contca:- : I a ;  ( c - _ a - c -, f - c - c - c - : - : : c - a : c - : s l - a ’ , N c--s c - i r a  c- c - tc - al

Gu t L c - - c -m -c- , 1,~~75 ;  N - c - c - i r a, ]964; ],97i; i974) c - t a-c -i i c - c - c - ; hi ’ . c c- m c -

at length by I-ic -ic-Fec - (1971) •~~~~ 1 mm v i c - -c- -; of t I c - i c -  c - -a-a p e - sc - ir a, c--c- - s i c - c - i l

discuss  o i u l  y c--si - c- - c - F  wi: c o nsi d e r  to 1, - c - c -  thc -c- h i q } a l . i q im t s  o f ’  t i c - c c -  a p pi - c - c - c - c - c h a .

IL  ia _ a i nt e rn - s t i ng  to note t :hat Ic-he c-k-v_a- i op_ a- a -a; of  TNj- tP -P do Ic -Ot

co nsidc - r  t hei r  c- a ft - r Ca - i c - h to  be a ic -a c - de l  in the ci ac -s i c  sc- xc - : ; c - :

“T ic -u t cc - c - r :: a ‘ ma c - i— c -i  ‘ I c - c - c - c - a  sc--c - _a-oral  m e a n i n g; ;  , an_ al i s used
loosely in the b e h a v i o r a l  scierc-caec - .  For our  p c -a r; cr:-;_a- rs in
dc-scrib-i nc; TI!ERP (Tccliim ic -i c - me for t i c - i ra - - r n  En -or R a t e  Pia ci i cc -—

a L i o n )  wa_ a c - c - i ]  ~l use t i c -  c- i c - c - c - r r oc - - ;  I c - c - ca i c - t i  fly c) ‘ m ac - o f _ a- i , ‘ f c c - f i n _ a -f
as ‘a S_ a n t, of rc-lciti occ-s c - c -nd On-’ c-- c- c - i i  Ir a q l c - n i a c - c - i I c - l e c - .
Al t h o u g h  t h I a; t a_ am y c-i ig i-a L r a n - a c - -  c- -c -ho c- i c-n- ~ fl I c  n c - s t _ a - c - i  l f l

t heory  cicc -- :-a 1o~c- c - n -n t , c-ic- H I P - I c -  c--:~~_ a; H c- ’ c - a l o p c - ’ci c - i a ;  a i m  c - c - p ; c - i  c - c - f
t e c h n i q ue , fo r  use as a f c -’ast ac-cl c-c- i c - t i v  ic- ; s i r -p c - i c  - 1 l a n - c - I
of p r o v i d in g  da t a  nr c - cl  rc-com ;c - - ’ -. c - a n c - b a t  i ons  to sya t c - -ic - c - c - ; d c -c - c - s i  qn c - - r a :
cc -nd a n a ly st  c- c-~c-~c - _ a) rc- c - r a ; c n c a  c-i qun rati I c- i t l V O  cc-st  i c - a c - c - t o of t h - .

a effect:; of hum c - n  e r ro r s  on sy a c - t c -  c-c - p e r  i o n I c - a c - C e .
a c - c -  is~ c- c-is not a i c - c - ac - Ic - -i .i mc - tLmr usuct i sense of a

}c -y c - - a l a h e t i c a i  anc-- a lo qy, a i t h o c - m g h  it  is r e - c c - n c - I c --f c - is  c- a
m c - , c c - ’I- a -: ;t in - c - c - a of m a c - c - t i n - - c -: - t i c - c - a l  (Bao i cc - c - a c -c -) ;aaedn ling, n c - c - - p a -c- ---
c- c - c - c -F in c - c -j  I c - a - b ay l o r  v _ a r  ic - ab~~l i  tcy U.- a; i ac- p l c - - c c -l c - n c - c - t ioT m aa dc - ac - al inc~

c-c-f j  Lh c-;gui .a ,c-c- - r ’c - t i c - c - i _a c - m a c - c - - F - t a , I c - c - c - a c - c - a c - n  r e c l r i i c - a ! a m n c a y ,  L a  c i l I c -  t a t - I ,
r;t c - rc --c-s , c-c - -te a-” . ’’ ( Nc - c - ic - m m & G cm I La _ ac - c a , 1c - ] 7 5 , m c - . i l l - . )

~ ic -a m a m ; - —  I n - c - —  I c - a l  - I - a .- I ( -~ ; r c - i  c - l i _ a  o I Nc - c - r i - a c-_a - I c- a :  a a ;  n - i a  c - I c - l i  i - - i ’  t a ;
a c c - m c -  I I ic- c - n - I c i I i  - - - N c - n - i , i  ci ( a  a - i c - c -  c - n  - a t  k - i c -  ! c - c c - i  -1 a - a I i c - a :  - , ‘‘t a r - a ;  c - a r  i j I I n - at

of I I : ; .  n i 1- c- c - c -  - I c c - - - :  c- - c c - a c - .  I a c - c -  I - I - a  - c - c - I  a n - a  c - a  - c c -  , c - c -  m a c -  a c - a  (‘C) a •

. - c- - . l U i m  : 1 c c - k  ; - - , P - ;i P - - c a - - c - c - , c- a m r a c - r y ,  L I / I c - . 

~~~~~~~~~~~~~~ ,--~~-— ~~~~~~~~ - -- -— -— —- -~~~~~~~~~~~~~ . -~~~~~~~~ 
- - - 
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I (c c- p u n  t~ bc - a . 3-f t Ec- N o ]  I am ~ c - r c - c - a c - c - m . - c - I c - c - i  i :- - - -.- c - ’r c - a a a j c - c - n -

A ma r a n t -  - ‘ .~ be i c - a  (a - - i- ( I  t) 6 c ) , i N  a -~ P I ’  i c- c - i r a  i t  - - c- c - t i c-v a -  m c -  c - _ a- c - - c - Jam nn-

c on s i e_ a t i c ; - ;  of t b :  fcc- I lO;-! i i n - c -  f i v _ a  ste - c - a l a s  (c--.-ic- r - } I  ::oc-; or m : t c - c - y  i c c - - F N - -

acco ma c - l  i c - c l o d c - ac - c - I rc --c-— c - c - - ac - n c - nm plis! t-.c - ci , L m t l a c -. - n - c - i a -c - - c -  Crc-icr , n c-t i  1 maya -c - c - I c - s a c -

f a i l u r e s  m c - c - c - a u i ’ - a a .-.; f ran c- i c - c - c a _ a c - u  er r o r  a re  c - c - F  can c-ac-ace - I c - c - b i n -  i n - v _ a - I )

c- c - ( 1)  D c c - f i r m cr t he  Sy st  c - c - ic - i or r u l -c- c - y r c  F c c - r n  f a i l u  c- - c-c- : which is t o

be e v : c - l u a t a c - c - l.

( 2 )  I de -c -t i  f y an_ a l  l i s t  ai i~ t ic-c- ic-unc - arm opt -c - cat  i cc - - a s  p-a r c n - r a : t , - a I

c - a c - P t h e I r  rc- i c - aL a ion sh i~c - a ; to syr ; I c - _ a -_ an t a :c -k c - ;  armc l  fr ,a i a _ a c - t io ns .

(3 )  P red ic t  e r ror  rates  for  c-c - i c c - Ic - h r c - c - c - a a r c -  0 c - r a t i o n  or g ro u p

of op-er at ;o n s  p e r t i m a c - c - n L  t o  Lh _ ac -  c - a c - v a l u a t i o n .
( 4 )  Deterec-aine the effect of hum_ ac-mi e r r o r s  on the  sys t em

or subsys t a _ a r c - c -  failure rate cc-s a c o n s e c - m m c c - m ’ a c c - c -  c - c - f  t i c - -.-

est li - a :a c-c-cf of f ect s of tb-_a r ecom c - c - c - c - a c -_ arc- clc- f chcanc~c- -c- • “ (
~ 

- Cc- c-i 0

As in a ll  cc -thur  network tecaic-ri iclues, the fit st two o f  t l m e s c - s

ste’ -aa c-- aim to f o r e _ a c - i  ,i,zc-_- tc -h e ftc-a c- - a l a  a ; u m t c - i c - _ ar s t u d y  ac -c - f Ic-a ~c- ’ ied  P c-a

c -pc - c  ficc-c-ation of I hu i r  i c - t e r m  e l _ a t  L io ;ir a h ips . The oUtcc --c - ;u- - ( i i  I i c - c - a c - a c - c -

p r ior  a ct i v i t i e s  is a d i n g r c - a a c - a : at- ~i c t c - c - a ; 1 ;  c a n a l  yr  i a; i n  the f c - - a a a o f

a Inca a; tc-.ruc ti c - ic - c a tic - c-at repr cc ;ac-ntc-c subtearal; n - i n - tar-a c - I a;

c- t a ;  r ao d c - c - a a ;  c-nc ] I c - c c - c - a  c - I d  l i t  I o n  of s u c a c - a c -, - a ; a _ a f u l  c-ic-f i a a ’ ia ;u : c- c-c - c - c -. - c ; s f u t

c - i c c - a c c -, c - a c l i a - ; h : c r e n t a  a ;  l c - r c - a r a c - _ a i a c - - c ;. The d c- c-i t c - m fcc- c- ti c - n - m ac - a I c - c - F c c - c -  c - a ; t. i t :  c - i a - ; ;

cc-cc -c- o r i r 1 i a n a i iv  fn n : c - a  tic - cc- A T R  I c - c - a t _ a  S t c - a - c- I c - c - i t  m a c - - c-c-c- n - . -c ” e m m t l y  r c - - 1 c - c - -c - - , : c - -~ c - i

c c - c c t i a , a  c - t e a: d c- n y c - c - - i  f r c - : . c -  c -_ ar t~ c - i  r i c c - i i  n c- a c - c - c - r n - h  c- ’c - i r i c - i m c t c -c- c - I  c i t e  N c - c - c - ( i L i  V a t  a - .

( S w c - c -  i a _ a , I a 7 c -  • )

N b c - - n c -  tim- - I c- - - - c - F r _ a c -- - m m - c-  ii c - a ;  I - - c - a r  c - c c -- : ac - I n - i  c - - i - t I c -  I ~c - m  c- c - !  c - a l  i 1 t

li _ ac - v- c- h c - -~ c- c - m  n c - a ; F c -  1 cc- I t c - I  I c- b - c - c - c ; , I l - c -  i c - m - c - c - a a c -- l a  c i i c - i  m t - c -  a m - c- c-

c - c - i d~ a - c - c c - t c- c-~~- 1  l c - i  c c - c - n - ;  - m c -  L a c -  d c - c - t i v c - - c - i a c - c - - a -_ ; t i n c  c c - I  m a c - c - I  c- -~ n i ( c - n  : c - c - m } c - c - c - : ; I  c- c r )

p i -nirc - a a c - c - I . - - - . ‘ i c  c- c - c m i a- a ;a ! c- a - c - I  i n c - I . n c - - a d  I f t c - - a c - a  c - c  an ~’ c a t c - i _ a c - c  } c - c _ a i m a l

c c - I c- I c - - c- -c - j a 11 : - - r - c - i  c- c - i c -  I I F y 1 t m a f i i  i _ a m  I i c - a r c -c c - a  -
- 

- c - n c -  c-c ( c -  - I 1 m c -  - I a a

1 b c - c -  1: n - c- c--c- m c -  ( c - c - .  c- c c - m a - c - c a  c- c - i c - - t a  - m ~ 
c- - mm 1 c - -  - - 1 c- c-- P a  c- c- 1 1 , I i c - - c - I  I - a 1 1 a m a ’ - -

c - c - l i  r — ” - _ c c - c t t _  I a a,- ’ ; t , - l _ c - j c - c - - c - t  . - , r - c- - . - ’ t - c - c- a c - c m - —
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2 .  2 .  5. 1 ( r c - d a L c- L i o n  and A g g r e g at e  ion o t I a c - o r  I l . c -  t c -cc -

The ass i g a c - c - c - c - c - _ a:’; F cc- f b r _ ar _ ac - c -Ic- p r ob c- c- c - ia i i i  t ies  c - c -nc ] t- c- c- i r  c - c - c - c - c -  a n c - c -p a t  I cc - ac-

are c r i t ic_ ac-i l a c ti v i. t c -Lc s ic - c -  the  oac-cp l o a ct c - a t i o n  of TIiPY ~P .  Ic-s c-c- - - -  h c-amc-r o

sa id , i n f o r m a t i o n  f ronc- d c -F r i  ha m c - I - c -s represerc-ta -c- an ir: , c i o rt ant  resou ri_ a c
ir a t he  f i r s t  of ti c-c -sc- t a s k s , hu t  the  r e t r i e v a l, selection c -c -nc ]

appl ica t ion of t ic-is  i n f o rm at i o n  is indi rec t and h i -‘m U ]  ‘~ud gc - a - c- n i  c - t i .

in character. Swaim i (1964) points out that the “ a-c - c - c -c - i  m o t i o n s ’ c_a ;’

error rate posted to bra ic-ches in t h e  p r oI ) a b i l it y  trc- c - c - - : ;  a re

ord i rmar i  ly crc-ada by a team of project e r m q i n c - a ’- cac -rs , O r -  c - i c - cc -  L i  n-cr : ;

researcher s , s a f e t y  em c - g i n c c - a c - c - a , c - m a c -I I c - c r c - c - m n  I c - a c t or s  c - c - c -..-c i c - a l i st a; who ,

in  the  a g g r e g a t e, are  i nt i a - c - a t e l y  a_ac-qu a imite f  c-- i i th  the  fcc - Ic - c - il— c-i

f u nc  t ion ira g of t ic - as system iac - - - i m a g  mode l  1cc-f , the  oqia a ca t - c-n t U - I a c - i

used , environrc ’aen’t aJ f a c t o r s  o b t a i n i n g ,  etc .  ,and w i t h  t i c - - c - i n ta r c - r - ’—

t ions tha t  may occur b oLwe emc -  sys L e a _ a  ev en t s . Furthnrnere , c-i

v a r i e t y  of d i f f e r ent valu es , frorc-c- one or morca point entiram c-tc-s of

average rate , to “ f i d u c i a l ”  po in t s  r e f le c t i mig , fo:’ ex n : c - c - a c - i i  a - ,

e s t i m a t e s  two or more s t a nda r d  c i c - v i c - a L i o n c ;  f rom _ a  t i c - — :  mac - i c - c -, c - c - ic c -
prcc-clictecl , c lepecc - f i .nq  on tb _ a m r n - gu i  r em _ ac - et c - t a ;  of the  p_ ac -oh i c - - m a r  -

After error raLcas c - a r c - s  fcc- term i a’ c - c -a’cl , estimates are  t b _ a - a c -  1: -t a m i c c - ,

a g c - c -i c a  b y ec- :c -or t s , t ha t  e r r o rs  of t i c - c - a  sp e c i f i c  type or c l _ a l _ac - c--c
iden t i f i, c -c i  cc-u i c - I  ac-c- mau l  I; in sc-c- -s tn - c - c - c - ic-i lu r - • The ca - o h _ a l _ a l  1 i ty  of c - i

fa,i lure is tic - c c - m m  ;‘ac- c- c- ie l ic - ’cl ca _ a : I I c - - - c - n - c - c - J _ a m c t  of ic- ic -c ; i c - a - -:-b~i !ai 1 I c -
c-

- (1- h )

t h a L  n - c - a c - i c -  c c - _ a c - ron  i c - i - c - i t t if i c - c - i , i t  ~i t c - c - c - e a r n s, w i l l  c c - c - c - i t  lam t I c - - -

f a u t u r c -  c - a c _ a-al  I a _ a - c - - a ’eh i b m  l i l y  ( I ’ . )  t h m t  cc- a ; v a ; t c - - i : t  n - ;  - a - a t j n m c -  i c - c - - a  c c - i t  I’ l ug

th e  en_ a c- or .iaa cmc - a c- - rt io rm 1, _ ac -  I c -  - a c - c - c - c - i c -- w i l l  o c - a c - a a c - .A

~N w c - i r i l a c ~ 1 c -  n - e ; L  t~I ac - c - L I l _ a c -  ( I c - l i  c - _ a  j t - k c - m i  c c - f  I c - . i c - c - m y  v c - c - -c- - , c-~ a c - ,- ; - V a  ta c -~
Up c - Ja i  t Ic - _ a -  an -  c - i  i - a t i on c- c- 

. • • 1’ - ic - c. my a - - - a a 1 I 1 “ c _ ac - c - a  P 1 c - c -  I ’  - c- c- - a ! -  - n c - a  P 
1 

c - c - a c - c - i  i . c-

are  h i - c - c - a n  c - - r r n c - s .  ‘t i c - a m _ a ;  P. c - ’
~~i c - c - ’

~~ 
t c - : c-~~ On , P m~ a c- c- j l c -~ I i a - c - - ~c - c i m i t

- c - - c - c - i c -  i i - i. ,1 i I of P 1 c - c - m a c I  1 2 ‘ 
1

c - - b c -c- c - - c- i a ;  c - a i m  - c - c - o n  c-c - - - a I~~, is  c - m a c -  a - I c -  - ; c - c - _ a ’ ; I
c l cc - Ic - - c - aa t ot - ac - c c -a -c- - o’Im - c - I c - i - I c - c - n  ‘c - -c - in c - c - ic -, c - f m c - -;a i t  c - c - - a i ; m c - ; , c a - i t ;  t a c -  - - I c - _ a - I i c - m i

I t l  I c - m a e _ a  c- - n - a c - I i I a c - a c -  n - i c - i -c- ’ _ i I c - c -  I , a : c - c - c -_ a t c- c - n c - n - a  ( ‘ ‘ i )  _ , I a : c - -  I c ;  a c - a , l r . . ‘ I c - i c - m m : ;
p - c-P P .  . ( i ’ . 1c- 12)a I -~

1 
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kc - c -puac -  F No . 3 4 4 6  1_ a c - ,] t t _ a - .~- ac - c-in c -ta a c - _ a c - )  N .  c -c - c --c - i c - c- T m - a : .

The t ot a l  sys L c ,- :m f c-i  lii n .a n c - i t _a- r n - c - a c -i t i m c - c - j  I rora c- u n n c -’ a c s  in hcc - r c - c - ra

p e rf or c -n t_ ac -a c -_ ae is given by the cxprc-c-ss ion

mc-
Q = 1 — [ I i  ( 1— Q ~, ) ]

= the probability that one or mac-a c - c - c_ a f_ac - i lu_ ac-c- com_ adi te iom is

will result f rom errors in a t  least  one of  n clas sic -a ; of cr r c a a s ,
and is the probability of oc-c-e or ic-c-ore failure coa litions t t c- at

ca~:ist as a r e s u l t  of Class k errors occuc-c-ac-incj in n opc’r c-_a t ion s .

2.  2. 5. 2 A s s um c -t i,ons C o n c e r n i ng  Ilu m arc -  Per fo r m _ ac - in c - a c - c -

T lII -IRP mak es c - c - n cm ma i l , c - s  a,’ of impoc -c -t an t  a s s u m p t i o n s  c o n c c - n i c -i a _ a g

t t i m m c - t a i n  hc- -ic-avio r and perforarmance . 7 cc - c - c c - c c - c - c - ;  th e -rn  c c -r e  the f _ a c -i 1 n- i-c- . a Ic - c -i :

1) The s t a n _ ac -j ar_ a l  dcvic-c-tions of tic - c - c - d istr ib ac-Liom -ta- ; of error

r c - a aLc - c - s  fo r  U-c- c-c- tc-sks that are s i m i l a r  c - c - c - c -c- l a m - c- c - c c -  c - n t  i o n _ a l

to tic - c- - m e _ a c - m i s  o f  t h_ am c - i is L n U ti ons f o r  t hoa .;c -  - t c - c - s i c - c - c

2 )  W h er e  two o~ c - c c - r c - i l o r m ;  c - I c - c - i t :  tc -oqc -c - t  h a r , t i m —  i ’ n - l . [ c - c - F a’c- l i t ’ 1- ,

H , due  to r c - c i c - a a m a i c - m n c y  s q i va-ma c - ac - ;

p c-
~ ~~~~~~~~~~~~~~~~~~ 

)
_ ._~~

Ic-
, i ,

) - f  i~~

m c - i c-

c - c - I c - c -- i ’ -. - T I
1 

i c- a t i n - - i c - c - i i c -c - U 1 H ’ c- ad c - i  c d c - c-f - a- c - i - c- c- ’ c - c l a n , c-
c- 

- - I -

p v c  c c - - I c - I n - I  I c - c - c - c -  - I I m c-  a c - c - c - c - a c -c - a c - I c- ‘ - a - a I n - c -  c- - - m m n-i c - c c - c -  - n v ’ I I a -  - _a m a c - i

c-c- t a - i  1
2 

i s  t i c - c -  p c - c - c c - - m i t  Cc-  t i c - i t  — -- - c - c - c - i n c -j i m - a  i c - c  c c- c - - c - .~ I c - i  I c c - c -- - I :1 ,

(1-I- - i c - a l  c - - a , It ) (~-1 ) . i c - l i ’  c- c- a ’ c - c -
c-c - - a a  1 c -  i i  t’_ c-

)c - f C ) I i r ’  c- c- c - a _ a  ‘ a ; c - c  c- c-_ c- - I a c - a

c - I  T a o  t c - c -  - r ‘ c - a  - c-r m o ’  c- c - I n  - - c - i  c- - a c- c - a c -  I a - c - c- I a ; I c- c - - c -  i - ;  c - - c - i c - i 1 I t  - ( j c- . ic -  -

~ 

~~ -~~~~~~~~
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I c c - c - I t  Bc- c - c - c - m c - c .N c - c - a c - P  Na ~~c- , , c - t - _ a a t I n c - c - - .

3) a c - c - - m c - o t i a _ a g  L i a c  - c - c c - i c - c - _ a b i l i t y  of  c - c - n c - c - n  l i m  amc -  i m c m p c -.- r t  c - a c - a t  I i a - ~ —

critic-a c - m i I c - c - I; n -i c- c - - I l I i _ aa l i  e r _ a_ ac - :  a; oc-_ _ a r  i c - I c -c- c - c - c - a c a c - n t i y  as p,

t ic - c-  p r o t c - _ a a l a i l c - c - . t y  c - a t  ma ;c- l a i n c j  c - c - c - c -  ~c - n : i -, r  oac- mc e c a 1t c - c - L l t  ioac a c of

t i c - c -  ta_ ac -ak i n ;  equal  tao 2 p ( n — l ) ,  a g c -  cc c-i l _ a c - c - i t i m a c - j  V c - l n c - c - a  of

1 .0 .

4)  I-or c o n f i ti  otis of lit Lie t i c _ a r c - a  st r : sa c c - ; , ti c -cc - 1aruLc - ab , i l i f y  of
eri c-or on the  f l _ a c - s  t~ rep-_a Ic- it ion cc -- c - i c - be c- c -p p - rn - c-: i c - c - c - m U -c l  c - is  t ic - c - a c -

squar e  of t he  ~c -c -ro b ab , i1 i t ay  c_ c - f  e r ror  on t i c - cm f ir s  I c - t r i c - c l



1-

1 1c -a j ac - )r t~ U_ a ‘1 4 4 6  c - Bc- c- L U - c - c - c - n - c - - U  c - mi _ al  N c -  - c- c--c - ;ct c - i ra In c .

2 .  2 .  5. 3 Cc- :-. c - c - c - c - _ a n t .

U c ; a c - - c - I  i~-y  h i _ a _ a c - c -  c - c - c -  I c - a c :  torn ; c c - n- ; i n c - ’  r c - ;  i n  i _ a m a - c - c -  L c-  I y f c - c - ; - a i  1 i c-ar c--c- i tic- t i c - c - a
design and cp -c src -c -tc -i.on n - f t l c - a. c- syc ai c-aim c - - c - i _ a c - _ a ;.- ;c - c- nfan -ac - - c - c - ac -c-c-- :-’ t l a y  a rc
at t n - c - c - ap t .  i, m c - c a  t o  p r e d i c t_ a  , T I I U R U  arc-cl t i c - c  I c-~~C c-mpp c -~-Oc -c-c 1c- a~ ~c- c -c - m r to bc _ a

s u c ce ss f u l  t echnic jues .  Tic - a ;  co_ ac -  - n a t r c - m t i c - m m  cc - f  c - a n a l  y i ~ Ic c - _ a c t i v i t y
pr ior  to I c - Pc - c -  ac tu al cons truc :  t a l c-c-ri of - the no t aw orh  c - c - a n _ a l  c - a ;~r.; m - n - c - t c - a  L i o n
of assigned probabili tics serves  tIc-c-ac- cc-xtc -c-c-; c- ;-~ ly i;agc-ortatc-t fuic-ca t I o n
of aidi ncj the idenLificatiomi of c-ayc-;ten c- -m i s s i on s  t h a t  cou ld  e c - m c ; l  ly

be c c - om ac - p r o c c - c - i se d by u n r e l i a b l e  p e r f o r m _ a c - a m c - c e  of I c - c - c - sc - i , equ 1u - c - c -~c- - c _ a t , or t i c - c - c - i  mc-

i n t e r a c t i o n .

It is important to notc -_ a that thor_ a- are a t c - a.c:_ac-bc -r of pit ’ f a l l s

assoc ic -_ atec ]  c-- ;ith the f a u l t  t r e e  approach , p r m r t i c u l  a r l y c- -c - lie n i t c - is
employed in the c o m m t c c - : - c L of an incomp letel y spc- -cai f icc -cl sysi c- - c c - c - .

Fc-ussell (1974) has acc um nu ia t .c--al th_an a;c-s into three b;c-sj,c (c-c- f c - _ a ) c - )  n i  u s :

1) oversigh t  c-c-mi d Oni l ssionof pot -n L .i _aa l f a i l u r e  i _ a c - -c- i c- -S  a n_ al
their outa coam ac-as,

2) ap ac -i ic afa io ri of p c - c -n - ic -  or i n c - c - p~-P1 .~~c c i i c - !. c - a  fa il u re  cl _ a c - i  a or of
i rc-coL-rec : t asnaunap t ions to i i i  qh i y  co i rc -plc _ ac - : sy ;; I c - - a c - : ; , c - i c - cl

3) f _ a  l l u c -’e to c -accoun t pc-c-open] y f o r  nc- i.i + c-c - c - a l l y c c - : - : c - a l  tt s i v e  ( c - c- c - n - c - c -  t a a

thaL occur  i c - a  the  a ;_ aa _ a .c- I r ec--

To t i c -  - e a-a t c ’ r i t c -  l i t - -a t  t h e m _ a c -  ~c- .j Ic- I -t u s  cc-arc - i c -  c - c - c - cc- i c - i c - -c - i  I i a _ a c - c - a c - p l c -  t I c - c - c-

I a c - c - - c - I \-‘ l-n c - - - ac - n- I F i c - _ a  c c- c-’ I - - - . i c - ~ - - c - n ! c -  I c - c -  c c - ( -~ c - a c - c - ’  c - _ a c -c-’i c - c -  m m c l  c--c- i, t i c -  I i _ ac-  r o a c c -~ um I a c- c - i  I c - I S

to I _ a c - i l L  tn _ a _ a cm _ a t c - cc - 1y - ;i, s t i c - c - i l  c - i c - -.- l~- - i i r m ~ - c - n c - f  t i c  c - c - a c -~ c - a c - c -F ( c - a c - c-. - , f o r

c - a c - c -c- c - r - c - p l c - - , c - N _ a c - I1 c - a r c - c - i  I c - I c - c - a m a _ a c -, ] _ a 7 ( c - )  , l i i i : - ; t c - c a i i m c - i  c - a c - -  r - ~~c - a  c- - n :  n c - I - ;  c - i

V _ a ?  c - a c - a i c - I c c -  F c c - c ,  I In-c- flea
. i o m c a m c - c - a n c -- - - - ic- cl i ( :1 i c - U i .

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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I c - c - a j c - c - c - r t  No . 3 4 - I Cc- BOlt  I I c - a r c - I n c - - ’ c- c -nai l  l i _ a  - ‘c-~- - n c - c - .  c - n  I nc - c -  -

2 . 2 . 6  t ; c - c _ a a c - c - c - . c - a - v  of N c -.c - t c - - c - c r}a  r ic- a - c - c h a t  ic - c - c-as

In  t h is  sc-..- c t i o n  we hc-avtc-an ic-c -n c - c - f ly r e v i c - - _ a c - -~c - -c - l  f i ve  pcc -rfor mcac -acc--

pred ic t ion  t e c h n i q u e s  t hat  emp loy  netwo r ’-: meth c ’c -l c- s .  Ic-c- the

aggregate , these t c a ch m c - i q u c c - ;  i l l u s t ra te  tic -c fo] loc--ii rmq :

1) The usc in analytic and s i m n u l c - c - t i o r a  approac’lc-c-c-s,

respec tively, of point estimates and of distributi ons

of task completion time and reliability .

2) The use of data bank information and/or inforimmaLion

generated from individual task p er formance  mail- c- I s .

3 ) The use of three different co _ a c_ a -p LEa of reli c -_ a b i l i t y :

one based on the ratio of total reciu i n c_ a l  t a s k

time to total available time ; a second b_ a s_ a -cl Oti

empirically determined probabilities of sue_a- cc- sa c- fail

(or unsuccessful ) per Ioc-’c-- ’_ atc -cca c--c- L t h  no ca-api i ci. L I . i _ a  -

COIl S  traint ; ac-c-cl c-a third b c - a c - a rc-P on es - I- i a c - c - a I~ c c -a _a  of t i c - a c - c - n c - -

t i m _ a c -n - — h  ~
c-L c - - c - c c- - c  -mc - f a i l u r e  c - c - i c - cl  r c quj  n c - -I c-in L y t i m a c - c - _ a.

4) Two essen t i all y c - h f  lerent c - c - p p m _ a  c - che c - c  I - a  t i c - c - s

a s s e s s_ a c -_an t  ol a c - c--i  i _ a c - 1 c-_ a i l .i l v . O ic - c -’  of t h m e c - ; -. a i n ;

s’nthet i C In n_ a t am nc- - , a c- c- c - _ a _ a  r i  tag  r c - c-pr c- - c - a c - c - - a c- I c - m t  Ion in

nc- Lc -- ; -c -_ ar t: I o a ’ra c- c-_a I c -m i 1 I c - c -  c - I n c - a c -- t m _ a d  c - aci c - .iv .i I I c- - c - c -  t i c - c - i t  i c - c - m i ca L

be n c - ac - n - a  c c - c - ]  I n ) c - -, - _ al  i i i  ( c r c - I c - c - n  I a n-n a ’ - ’ - ]  c- c-l - c-i c-n i c - c -  c-i c a m .

Th c- n -t i c - c a r  i c - c  c - c - i c - c - _ al y l  -i C , r -  c - a c - a  I ri ac -n i c - i  c- n  _ a r-~ I c - i  I I c - c - c - a  c a m

t h o : ; c - -  t a _ a s k ; ;  t i c - - i t , I I c - i n - c -  c- - : a l  i a ; i _ a  -cl I i c - c o r - c -  c- - c - - I  i c-c- ’ , c -c i I i

r e s u l t .  i. n c - c - i c -  i c - n c - ; m a c - - n - c - - s s l u i  iad c - a r c - i c c - a m .

~
) Th c- - wa - c- c c - I ’ ( a c - a - t i l l  - a t i v n -  n - - c -~~~tc- a - x t  c - c - c - i  i t _ a l a _ a  c - i c- i c - c - a _ a  Ia’)

s h a m n ~~- - a -  i c - ac - c c  -c- t ; c - c !  n c - - i  I c - I c - c - i  i t v  c - s c -  n’c - - c - l c - c- c- - m c - l c -c - c c - i c -  t i c - - c-

1 - i s a a ;  a - c - c- ? m i c - a~~ c c - i n - . a i c l . ~~t ; c -  c - n c- - i - c -  c - c , ,  c - - c - , - I c - - c - c - - i c - I c - i

j 1 I I c - c - i  a I - a ir - n -a I I c - c - i c - I  c-’~

_ _ _  
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R e p oc -tc- h _ a . 3 4 4 ( ~ B _ a c - ]  I. 11 cc - nc - m n _ a c -k  c - c - ac - c - I ~~~ - - c - c - c- c - n c -  I tic .

c - f l - i c - s  sc_a la also illustrates tlc-e c l i f f  i c c - a l L y  of r - c - c - n i n t c - c - i n  i t _ a g

a d i s t in c t i c aa bc-c- I c - -c - c --cc- n “ c - c - i c - _ ac - I -_ a l .  a ; ’ of tb _ a ’ t y m c -c c -  F l _ a t I oa- c-’t tic--c-a- i c - c - c - j a r

s u b s t c - c - _ a i n - - a c -  of thi a_a r epor F c-r i ch w i _ ac -m t c --c - cm h_ a v e  c h a s _ a s c a  to c c - a l l  c - c -  m ama ’  I_ a -c -ark
tech ni ques. At 1cc-c-st one of these  — S1- 1c-l — I c-c a l c - - i .;i I J c - t c - i t e

mccrc-Ln -c -c -~ of both c a t e g o r i c - c - c - a.

In the  discuss -i o n s  above , we have  nc-c-dc c-c- nu n _ a c - b _ a c -n o c o c - c - c - c - c - t c - n t- n ;

r e c j_ ard inc j  c h a rac t e r i s t i c s  of the ne twork  a p p r oac h .  It  is

appropr iat e  here to surc - _ a _ a c - c - m r i ze  these p o i n t s :

1) Tic-ore seems l i t t l e  doubt  that co c- c- s ,i ,cJ - c-rc - c- ta io m c - amid

evaluat ion of a system process in enough c- ic -t a i l  so

that procedure networks amid/or fault trees c-an be

c o n s t r u c t ed  is of value in h.i, hc -li ght in-c- ; aspects of

performance that arc critica l to ic-ission success.

The valu e of t h i s  ac t i v i ty would, in our judqrc-c-mc- c-ant,

bc _ a- h iqh even if  no subsequent  a tI- c - .  - c - c - c - I c -  c--c -er_ a- p. c- ic_ a to

employ the ac - c - _ a Lc --c-cc -rk s ira a j _ ar c - c - l  i c - a l lye f c - c - c - : I _ a i n cn t i c - r cn m c - c -~h
the a g qr c a q a t c o n  of b r n a n c~t r e l i c - c - I- c- - i l i t al  crc and/or

com p let ion t i m _ a c -c- c- -n . From I h is  po i .nL of viec--; , the

ne twork  c - a p i  I c- ’c-_ac-’iCl_aCS h_ ave  tic-c c _ ac - c - am -.- q c-.c - m m c - - c - - c - n  1 heui-i sIc- I c

v a l u e  t i c - a t, h as hoc _ a n n c - c - - a -c- ic - a n c -c-c- cl tao t i c - c - n -  u a c --, - of c - i - - c- - i  ma ion
t ree_ a ;  icc - m _ a _ a c - _ a c - i i c c - tl ci i c -_ aq rc - os.i c-; ( s _ a c-e , b c -’ c - c - - a c - c - c - c - pl c - , Tc - c - m c - a t :n-cl ,

1.968) and I] ow chi c-m r tn-a j n c - c - ) ac - c -~ c - a c -  Lc’r ~ - n c - - c -  nc - c - n-c - ac -I c - c - .

2 )  P c-c c- - I c - t a  c- - P c - c - n e  ( 1 i n c - n t  l v  r n h c -- - c- . c - a m _ a t  c a - I c - - c -  c c - c-c - - -- c - i t  P

a; . 1 m c -  I i c - m i ’  t c - c - a c - N r c  ai m _ a rc i a_a m I ic-a’ c- - c- c - _ ar I c - c - ’ ’  t c - c - c - _ a :- a a - 
c- c- , c - l i  c-c- I a - j “

bc-_ c - i  i c - c - ac - c - ; of c--l i th l a m  c - c - c - ’  - i c - c - c - L a - c - a- c- m m c - i  1 I - c - c -  ( c - i  c - c - c - c - c t  -c - i ’

i - - c -  I c - i l _ a c - _ a~~c - c - C’ I j i c - c - c - _ a a  a c - c - c - I  i c - l  i c - c - I c - I l  I I  i - c - a c c - c - c - c - c - - i  i c - c- c- a a ; c ; c - i  c - c-- I

i i i  t i c - - - t l c - - _ a c - _ a v l c -r , i z c - i I  i o n  c - c - i  S n c - I c L c -n :il . c - - c  c - - c c - c - m t a : .

c - i c - i c - - c - r e  - i c -~ c- c- - c - c-; c -c -  i t a n - i  n d - c - n a  I t _ a  c - c - a  i c - l a  c - i  c - c - c - - c - i  c - c -- n _ a c - c - _ a  a n ;

~~~~~ ; l  - i t  - ( I  i c c -  1 i c - -  ‘ I c c - a : : ;  c - -  I c - c -  ; c - c -  I c - I  - - - c- a ; ’  - c - c -  I c - ’ ) _ a  - c- j a ~~c- - c c

i mc - I I _ a c -  — c - c - ’ , - c - c - c- t i c - c - c -  c - i l — c- c  -c- c- - c - a c - ’ c 
-- c- c-; I .  c - a  c- I 1 -  I I c - c - - - ;  - a l - I

c- c )  l i \c- . — c - I c - c- c- c- c - - c - c - a l c - I l _ _ t n  I I , c -  c - c - ’ .

c-~
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3) I n  t l a c - c - ; e  nc-oPe l n_a ‘n-Ic-c-c-re ooint es t in - c - c - c -Les are

ccc, I _ a i n e cj  ovc- r a set of subtasks , t i c - c c - a c - c - c -  c - c - n c - c -  f ew
pr i n c i p le s  to g u i d e  t he  s c-c-c- i cc - c -Lion  of a c _ a o a _ a : l c - c - c - c - c,i.L_a-

distribution , e:c-:cept, possibly, the Cc_ ant _ac-al , Lic-_ ait

T h e _ a c - r c a _ a .  (Even here, tic-crc may be soc-a_ac doc -mh ta comi—

c c r n h a _ a g  tic-c number  of l i_ ad iv idua l a c t i v i t ies  r e - c - m u i r _ a  .1
for a val 1d assumotiomi of normality.)

4 )  Even where onc-- Ic-as cons iderable  conf idcnc cc-  in e i ther
poin t est imates  of d is t r i b u t i ons of s ub i c - a s k  coac-’- p i c -..- t i o n

tic -c-n-i and/or p r o b a b i l i t y  cc-f success , the  n a t u r e  of tic - c- -
i n t e r r e l a t i o n s h i p s  among suh t aasks  in the n e t w o r k  may

preclude accurate predict ion of total task parameters.
The matter is of only minor concern c--c-here a single

in d ivi d ua l may p e r f o r m  c-none thc -c-ac- on_ a- epc?ratiomc- at qiv eaa

tira ’c- cn (e .g .  , as in a p u r s u i t  t r a ck i ng  t a sk )  hu t  1:; of
sicanif,Lcant concern c-n-Ic-nrc m u l t ip le op~- n - a t o r s  ~c-- c - c -nmn - c -_ ac -_ a

in p a r a l l e l .  At the v e ry  least , one mus t P c-” c - o n c e _ a c - c - c -c-cl

c-bout tic-c combinator ia l,  ru l e s  u a c - ma ’d to c - c - cj q r c - c-c :;c -at e su i c - t ’ c - c -  c - c - k

da ta , and be prc-c-p ar ec l to f inc-i t i _ a c - i t  the  prc --) lc - c - r t _ a m a c -’i

s u m _ a _ a a t a t i o n  ru les  d c - c - ni _ a- ic c -  f r o m  st and ard r _ a - i  i - _ a l  c - i ii tv l i a r - -c - c - my

do no t a f f o rd c - c - c - i -- c - i n m a t e  c - _ a ac - a _ a rc c - : - a-i , n - _ a ’c- t m  on _ a _ a .

5) TI_acre are no c l i r c - c- c - a I c- c - c - c - - a c _a a c - c - l carns  c - - j  i c - h i a c -  t hca i c - n c - c - a l - c - i s  i c - c-:

w h i ch to c-a c - ;s csra  ra uca hc- l act o rc - ; c - c - c -c- WI I i c - i  n — s a i I c -~ c - a a P c -  l c ’ c- a c - n t i  i c - c - i
c - a rc - c l  t a i r _ a c -.c-— c - c-c l c -c-’i c - c -  I n _ ac - p

_  --_
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6) ‘i l_ a c c - c - p~
.c - r c - c - a l c - -~

a _ a; c c -r c - a I~ ; _ a _ a ! , y i c : i i c - ac cep t a b le  1 c - ’ e c i i c t i o nn
c-c-c - l ien  tic-c o b _ a a _ a c - r v _ a b 1  c-c-c- c- - c - mac -b ta _ a s k  c le ac - si , Lv is To_a; ac-c-cl/or i n c

c - a c - c - c - _ a c -c - - c - a - a d  o f  acti -rit i ’c-s c-- - i c - I c h  a r e  la rgely  co - c -I rm i a a i v o

in content - .

‘Ic- c-~c-o points must b_a nc-ada concern ing  ‘these a l l ege d  c l i f f  i c u l t  I c - c - a c .
Fi rst , mos t  cc-ira be addressed c-xper i a _ a c - c c - c - c - t a l ly by c-o ac-c-n-amn inq th~ actual

per formance  of operators  c--c- f tc- h the p c -c - d i c t i o n s  of t b _ a c -  1_ a c -odd s. Ic-_ a rc-

ex c -ma aapl c -  of tic-is approach is provided by the c--io c-c- -k of r - l i l l s  & I l a t f i c - l - .l
(197 4 )  . Follo;-; i. a nq  t ic - is  app _ ac - c-c- c - c -nh , oac-e could ox_ an_a Li _ a c the con scc-ac-aea’. nc - -rc

for t a t_ a l task p_ ac -eclic tion of- cc-_ artwork complexity, nola n-arc-k de c-c-si -lay,

and subta sk cha rac ter (c - L ic - _ ap i a i . c i t  vs. explicit perform _ arc -c c -a) a m_ ad

could ti c - em -i de r ive  approp_a’,i c- c -L-c - c - combirc-atori c-.m l rules under cl ,i f  I c - r e a r  F
cond i t ions  of t i m _ a c -  sL r e ss  c-c- c -c - P opc - c -r c - it c-or s o p h ist i c a t i o n .

Secondly , one ic-r ight f i m c - at t ic-at cer t a i n  simp lif .i . c’at i o ns
(such c-as the assu rnata ion of n o r _ a c - c - l i L y  or use of a l.)r c ) duc t  r u l e )  c-Jo

not i n t roduce  e r rors  of s u f f i c i e n t  i n c - c - c -j n i. t c -u de to im _ a -c- - .il i c - i c - I c - c -  t i a - ’- i r
u sc- . * As Knoc--iles , c _ a t  a] , ( 1 5 6 9 )  i_ a c - c - v _ a n o t a c - c - i ,

‘c- FortdlnatC 1c-y the ‘ i f — t h : c - a c- ’ c -mac - Lure of s y s t e m — i c - c - v e T
e v a l u a t i o n s  based  on a c - ma a l yt  ic- a l  c -m a cc - Je T s  early in  t i c - c - _ a

dc-sign cycle  s u m a c - c o s t s  t h a t  a t a l c -h  d eg r ee  of c - c - i c - c - c - O i l _ a t  -, -

p rec is ion  im i I _ ac - c - c :  m ~c - c -~ - n  f _ a _ a c - c - i _ a i c - c - c - _ a ’.ac - , - d c -c -ta  m a y  no F l .a c- i

~i i - inme r crc -~c - m i r c -c-: anc - c - act . In c- c _ a r c -F c - a _ a _ a c - c - c - c ;  y s t c a c - c - _ a  co c-_ af i qur_ ai t b c - c _ a
are compzc-r e( i  c - c - i  t i c -  c _ a c - c - n -  c - c - a c - c - m M _ a c - c-a Ic- c-_a d c - -L c _ amc - n _ a i c - c - -’ - I I c - c - c- i c - c - c - r a t  c c - I

sever - c - i pOl a _ a - a m I l  c-’c- i l .y _ a _ a _ac _ a - n - I n - c - i c - T o  d e s ign s .  T ic - t I c - c -, n _ a - c - c t  oi~th _ a n  c- c - c - s o s  t i _ a  - c : H c - l e c - c- 1 3  to c - m r _ a  . i , vc - -  at  c - i b c - m i  11 - n - c - _ a l a  c - n t a  I a  c - c - a t _ a ’
o f n ;~- -_a a L c - c - c - i  i c - _ a c - a  H c - r . c - _ a c - _ a _ a _ a c - c - ,- , c-c- _ac - t, o a] i n c - _ a c - _ a t a c -- I - c - c- - r i  c- ’ m ’ c- ’ ; c - c -’ - c  - n c - - c - a - c - c - I

a c - c__ a n t - n ; c - a n -  L I _ a - -c-L a - . c-ac- 1 i ’ s l I nc_ a ah ~~~- a r c _ a c - c a  c c - _ am _ a be _ a c - i ;Y i t  i n c - i ,
on  I c - cc c - - I  c - a c -  i t c n i c - a  I c - c - _ a  c - c - a l c - ci c - L i a - n j c - ’ c - _ a t i o c - m  cc - f c - _ a r ! c - ;  ( c - ’~ l i - c-
r ay  a ; I c- c - c - c - • c -c-  ( i  - . N ~I I ) . 

—

~~J c -  (c-
c-
c- ( ~ i n p a fl~ 

- 

I 

— 

, a ( a
i -n - - i  I - h i  1 i I ~ nc- c- - ~‘ c - i a c - - c _ a ’. c - c a 1 c - a I c - c - n  - c - i  1 c-c- , ‘ a I I - -  - m 1 - c - a c - - i  I ml- ’; a c - - c - c -  - c - c c - a c _a . c- c- c - 1 c - -  - :  I
c - l u l l - n a ;  c - - ic-a  c~

c -c-ti ’c- [ c c -  to _ aa c- c - - c -c--c- r I c - a - I c - c - 1 . a a -’ -n-; t i c - c - c -  c - c - crc - I I a c -  c-
c-_a _a

; c-~~ c - _a c - a -  a c - i  c - c - a c - , _a

c - a -  a - a r t  I c c - c - m a c  c - - c - n c -  a.  r c - I c -  _ a I c -  c - c - c -  c- - 
- a a n c -  c- c- : c c - c - c -  c-c -- - c- c- i~i i c -a  a -1 I c- c-c - c - c -  - c- c - a c - --

p 1 1 c c - I , !~~~~~ c- c- a c - - l i c - i c - j , I j F ’ c -  a c- 
~~ c-

c - 1 - - ct I c - c
- c- a c - c - c -  c - c - ; I c- c - _ a  - c - c - - c - r H m a i ~~c- ; c - c - c - c -  c-~

- c - a m  t 0 —
~ 

, i i  0 _ c c - c c - i c -  — c- c - c-c -~ : c- c - c -  - ~_ 
- — - I c- - c -c- - — - c -- c - c - :  ( H _ c - n - i  - ‘ c-_ - n - c -  a - - c c - i

c- n i  --c - c_ - c - : t 

— -_—  
‘
-c--c- ---. - - -.c-- ..—c-----.—— —— — ___ c-~~~~~~~~ _~~w,._._ ~~~~~~- —,- —‘. —~~ —c- —— - - c-~~~~1)~ --  -
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2 . 3  fIn- a c - I _ a- c - n i  c - I c-h c -_ a -c-c- _a_a -- H c ’  fl _ a_ a dc -c - 1 c-c-

a Dy L _ a c c - a c - b r c - ) i - -t , h c - ’ c - c - _a c ~~J c c-ac -a_ a l _ a c - I s  c-c- c- c - _ a _ a c - _ a  t I c -~_ as~ c-_ ac _ ac -Pe Ts t i c -~ t t  1_ a- c -y e

L h c c - ± _ a c -  a c - c - c-_ac-n .y ic- c-c c cc - a c - sos a c - c - a c o m a  Lrol  t i _ a - - a r ’y - a c - - c - i S t c - _ a t ’L s H i cd l  c- s t  a f l c - c - t L c ) ’ ;

c-n d c 1 _ a _ a c - : i s i o r _ a  t lm c a r y  . T r a d i t i o n a l ly , these  m c - l a ) c’i~ - i s  h_ av e  attc-.-c - c - -’c-ted

to cl -e~~c n c- ibe Ic - u rn _ a n  p-n - c- a ’ i_ an’r c- ,amicc c- In c - c r c -  H i _ a c - c - c - - c - c - Is control _aa m’md r-c-ac -_ aiton i c - m a c -

tasks . The c - r _ a _ a l a c - a~~is h_ a s  been on c-’- :c -c-ieTs t h c - c - t  d c - c - c - c - c r i b _ a _ a  t ime h un _ a _ a_ ar c -

opar_ac-tor as a sys lac c - r . c -  d emur _ at  ic- c- a fcc - c_a c - l b _ a c - k  coc -_ a t rol loop. Ira thi.s
c a r _ a t e _ a t , models e x i s t  fo r  c o nt i n u ou s  cont ro l  ( man u e l  con t ro l )

for  i n s t r u n u c _ a c- c-. la m a c - _ a r a i t o r i ng ,  an _ a _ al f o r  de tec t ion  of and a d a p L c - a t i o n  to
a b r u m a c t  ch aamqc- s in a systec -Ta ( s u c h  as w o u ld  occur j r _ a a f a i l u r e )  . Ic - _ a

ad-:1.ic-t i o n , approaches to incorparataing s-tress e Ffects c-in ti_ ac-c-se

m o d e l s , c-specially those s t resses  a ssoc ic - c -  I _ a c - c - i  c - - i  th a t t e n t i o n_ a l

P-_ ac - c - i_ a rc -al ( i . e .  , c-c-;orkload) , ic -c-a rve  been c - ic c -c-c - n - l op _ a d .

Con tra).— and dcacisio c-_ a—th c-c-oreti-c r.’c-ode].s co_ac-ic-i be u s e f u l  in
the ana l y s i s  of va r ious  phases  of co _ ac -c - rn _ and and cont ro l  problems

sc-c--ni_a c - c - n -  t ic - o n - _ an c-_associated c--c - i. ti _ a RPV c - _ a n - i _ a  Ic-rol • For e c-:c - a _ ac - c -~’) 1c._a , t i _ ac -n

n-c-:cc-b~ c_ ac-rn of c - c - c -c-n-i’aitonincj c - m r _ ac-I co _ a _ a t,rcnli i _ a _ a _ a ;  scpc-i _ a c - a t i o n  b o t w e e n c -  1-Il v a ;

i n _ a a 1 c - m _ a~ ~ic -q t ic - oa r _ a n i n c - c - p o s _ a c -c- ] by s i c - c - c - r i n g  c - a t t c - c - n t i o n  in the c - a c - c - l a _ a  ( c i  ot

s - c - v o n _ a l  RPVs , a n . c - v  be c - c - n c - c c - ac - c - i c - i c to c -c -m ac - a_ a lec- c-c-is c-- c-j th s_ a c -n h  i r a - c - c - c - i c - c - T n ;

Of c - a c -n - a c - _ a c - s _ a1 t ire c - c - c - _ a - _ a l  l ik e l y  c - a _ a c - c -- c- c - a of c - p a - .]. i _ a - a c- Lion in c - a n - ac - - ma _ a _ a ma _ ac  c - c - c - c - c - I
co a_ a t r o , T  c- -c -on - i c - I b_ an ic - _ a  prob lem_ ac-s of c-ac -i t  i n _ a c - c - _ a u c - - c -  c -c - - c - _ at _ a o l , e . c - i .  , I l a _ a-

“ t _ a c - r r r i i n c - a l ”  p 1_a rc- c - r e of ’  t h e  i _ a c - v m ; a i c - a c -.;ior :.

D c - c - P a i r ;  o f  t i m 1  c-a y _ a - c-
~

- h c - v . - P _ a - c- c-_ac - c - i _ a _ a \ c --. c- i c - - c c - c c - _ a l  ic-i n~~p-] ma- by c - a c - i c- - n c - a c - a

c n ; J rc r c - c - _ a r s  c-c- -c- i t _ a l _ a  c-i p r h . _ a c - c - c -’’c- i _ _ i c - I c - - c - _ ac - _ a t i _ a a  ~ c- c- . c -- ’1~~~ ’- 1  i a m a c -~ I c -a ct - c-i l c - _ a a i c _ a — c - n i H n i m a

s y n - L c - - c - _ a  per [ n r c - n c - _ a n - c’ • Tic-  I c - a i- c - i  c - a t  n - n y  I_ a c - _ a; h _ a c - r I  ra cli  n e c - - I  i c - - a c - c - c t -  n - n c -  I - c-
c-

c - a l a  a n - c - c- _ a t  c c- r i .  _ a ; I I c c - ;  a I t i _ a - - c - c - c - c -  ) c - i -  — 1  ti c - ac - I ii c - V - c - _a - _a . c- iii n _ a. ; , t i c - a c  -c-’ - - I - - t a;

c r _ a ’ -.’ r o t c -  j t a t c - c - - n c - c -. i - _ acJ c - - c -  ic’n- \ - i c - i c - c -c- a t _ a c - i - I c - a _ a r M  c - c - i c - c - I n -  a ; n- i t I c - -  i c - c - c - _ a r c - c - i  c c - n c -- r - c - a

L a _ a )  c - c -  c- i a can - c - ac - c - _ a c_i c-_a i ra cc-r n n c- 0_ an - c- I a - a c-l - - - - i n - c- - - - c c- I a ;  I n - c - -  - t c - c - i c -c - i  I c - c i a _ a c - i 1 c - c -  a I I -ma

~~ c - _ a c - c - c - I c - c - I a ;  l a - c - _ a - c - I  I . c )  d c - c - - c - t i c - - - I _ a c - c - c - - c -  c - c - c- a c -c-_ a c - c- _ a c - _ a c -  c- aan - - .’ c - I  ( h (  _ a c - y c c - t  - - c - i  I e - ’’i

- c - _ a _ a d  i c - a  a c - c-7c - c - c i ( - c - c - n  c- - r n _ a c - a- a . D c - c n n - c - n  - r i c c - ac- c-_a n - c- c- c - - c - i c - ia M a c - -  ( S c - c - _a c - c - c - c - c - c -  ‘ c - c -  - n - a i l  c - c - n - c -  c - c - _ a

_ - -~~~~~~~~ --~~~~~~~~~~~~~~~~~~~ - - c- - c - ~~~~~~~~~~~~~~~~~
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1._ a_ a l  H T t -c - - r - c - . a c c - -.-k c - c- c - c - P  N - c - - ; c ’ . n c a  i c - i c .

c c - L a _ a c - c - c - a t  a n_ a w 1 ’th  t i c -~~c- - S - c - c - - c - c - a , c - n a ’; cl c - c-- , - . - c - i  c - c - i U’,- c l - c - - n - c c -P -— I n - a _ a c -  c - _ a a nc - _ a1 7 c - _ a i S ,

t c - i m c - m ; c -  c- c-- c - i  Ic-h h i_ s  n c -~~_aj O c - c - c - a~ to d is c  n -_ a Ic-c- c c - v - - u  a ma ; .

The s- i -n -  Le n_ a c - c - i c - p r o c - c - i _ a  c - c - c c - c c - _ a l  in c - n-c - nc - - ac - c - c -I rn - a _ a  t r o l  a c - a d - a - i c - - ;  h a m s  j a ’ c- : c - i j —

c_- - m t j o _ a c - s  I a _ a ’  the level  of  d e t a i l  a t  - - d c - i  c - - i c  r n a c - c - — r a _ a . c -  n - i _ a  no I c - a t c -.c- r f c - e c c_ a

p n - o b i c - a n - s  a r_a _ a c - a -c- l a l c - c - e c ; s e d .  I c - a  I l _ a n -  cM s n - I c - i c- c- c - n e c - a , b r  C_a _ a c - d c - c - c - pl c - a , I c - i c - - c-

p c _
c- i c - a c -  ip ie  n o a ’c - _ ac - c _a a n  h _ a _ a s been c-- c-c -a Lb I l i e  ia _ a fo rm iac -ati oac - r_ a -g a c - i n- - _ a  - -: c - c - t s  of

a t as k  r a t i _ a c c - n  t i _ a c -n  c-- c-c- it h  I l c - a ._a b c - n a  c - i c - _ a  c c - n c - _ a  i .r - . c c n i r - g  c c - S 1 c - _ a C a i .5  of c - i l _ a p i c -y

d c c- ;  i gm _ a . c-f 1c - c - a n ;  , cc-pp .1. i c c -a t i n - n _ a s  of t I c - n -  m n-P a l s  h_ an - c -_ a c-; e a _ a _ ac - r a l  ly  a c - Ic -.ires c- - c- cc- c-i

t he g u e _ a -: icc- i n a _ a o I c - c - I _ a c - _ a  L i _ a n - c-r t i c - _ a’ i n f o a c - c - c - c - c -  t i _ a _ a’; p r n - c -c-’ c-lead to t}n n -  con t_ a r o l  i - _ a r
i_ S  a c - J _ a c - c - j c - rc - a ti c_a L i )  ac-h I c - - c - -c - i c - n _ a  . ;u . i  s it  n - c - a - _ a  f a n - c - c - _ a  i c - cc  c--c- i th  c - c - c - c c -i c - I c - c - b .1 a c- _ a -c - c- c - k —

load c-ac -cl , i f  no t c - , c - - l a _ at i n f O _ a m _ a c - c - alP c -c- _ a  is n - c c - c c _ a r c - a _ a ’ y. T l c -~~ c- _ a f  [c_ - c -I s  a
display i c-nyc - c - ut _ a n-ri p _ a c - n’ f o i c - _ a  c- c - n a - n c- ’ c - n c _ ad c--c --c -c-_ a_a ’ 1 _ al ac-mci c-a _ ac -c- c - n i n a  t i c c - c - t c - _ a i  ( i c y
the  v i s ual  s c _ a m a _ a n t  c-acj mr _ a n - leT s ) . i i C - _ a ’ c - _ a  \c-.- _ a

c- , c_ l i_ s p l ay  qc-c -_ ac S L i  or_ a s re I c - i  t a_ a l

- to c i t  s _ a c -  I c-c-n y read-c -c-b i l i ly  sc -c- c-h c - I c -- ; c-c-c - li O n - , h _ ac -i c-I c - I ;  c c - a _ a c -  -‘c _ a - m a - _ a c - l a _ a c - a n - I
l i n e_ a r  v s .  r o t c -c r y  irc -J i  C c - i l i a c - _ a, i c - n s i d c — o u t  v _ a c - . c - c - c - c -ti c-_a c-i c - I c - _ a — i t _ a, e t c .

c-n rc’ Icc - i- pc - c - -i _ a i_ p _ a _ a-c - c -  i c - c - c - i in c - r c - . c - a _ a c - a c - a l  c - _ a c -  c c - t r o T  a _ a _ a - c- 1 y se r  . Ti_ ao - a c - _ a l a  l i n c - _ a n

i _ a m _ a  1_ an - ac - c - 5 _ ac - a _a i’c - c - _ a _ a _ a _ a i _a L  c-- _a_a c-. l .  or_ a eec-c- I c - r a i l  c - c - L i c k  P - s i c _ a _ a _ a  u s i ng  a c - _ a -c - c - c - a l
con Ira] c-ec c- c-Pc-_a T c-; (e .  p ., L e v i _ s c - c - a _ a  c - a r _ a c - I  1 c - r c - c - r I _ a  , i ~ 7 ~), c - ic - a t _ a _ a l l  cc] a c - c - c - a l  c - c c  c- c - c-_a

dc -c- si c-p_ a of LI _ a i r; c -nc - c -I c - c c I of t he  c - c - v _ a l a n - r n  i n _ a k  can I c - _ a c - a -c- c- I n s  1. c- c - c - c - a  c - c - _ a I _ a _ a c - :.i c - c - _ a

fc-c c - a c -  I roil t i n _ a r c -  n c - _ a L i c c - c - c - - c c -  Ic - a 1 c-_a r n - c - _ a  c - c -  rc -_a 1 Ic --
c -rc -  - - c -mi a a c - a c - c c - c - a _ a

i n n - u t ’  a r c l c - a L _ a c -vc- - l c - y d e l _ a c - i i c - c - c l , a a _ a c - i y t c - i c - -  a c - n - c - i _ a -il -n -f LI _ a c ‘ c - c - a ’ c -c _ ’ l ’i i t _ a c ’ c-

l.a b- , a c - c - c - a ,  Iao ] . 1 c - c - c -~l ac - c- l i / c c - _ a  c c - c - _ a _ a c -  I tic - _ a n - c- c-Il . c- i i c -  ‘c- c - _ a c - c- ’ - c- c- c - ;  l c - _ a C n - c - c -, c - c - c -- t i_a-

c - a l t  , i , i t c - ’ Iornc- c I  t i n - - i _ a ’ c - I~- l or its ft c - n - c -
c- c - I  c- - i n -  i - - f i n - c l _ a c -  i n a : c - a c - a c - m

a c l c - m p l  c - I  I - n - c a  I n -  t i c - c - ’  L c - c - ck Pc- 1 _ a c - c - c - a ’ c- c- _ a c - n - c - c -  - - I n _ aid , ~ c - c a ’ _ a i c - r -r c - — _a c - c - c - - , I c - c - a ;

t ! m c - , ’a c- c - r -  r c-c-_a cl c-_ a l _a; arc c - c - - a c - - m a r c - c - I l -c- - lai c - d~ 
(c - a c - ’ c - c - i , - -  - a _ a c - i c -  [ac - _ a n _ a l ; ] I c - c - a  ( c - c -c - c -’ c - i ’ a _ a c -:

c--c - ic -nc - c - n i n - , a c - _ a t - I c - a c - c - _ a pt a c - c~ Mc c-c-a c-ac - ti a c - a l a n - c - c - i l  i ’  I n -  _a’c - c - _ a i _ a , j c - _ a v_ - -c- _ a - ]  I ~ c- I f  i a _ a - I

c c - I c -  j a n -  - I. v a _ a c - c -  . I - ] ! i c - l  1 1 c- , c-c -- - c - _ a r c -  1 , _ a _ a  Mc I I I - a - c- c - I c -  - i , ; I cv - i c - c -  - - c- i a  c-c~ 
c - 1 c - ) - c- c-c - ;

p u  c - c - c - c - i  p c - a l l y i n ’ - I l _ a -a c - c - a” - - c- c c -I v e i c -  a c - c-~~~c c - c - - c - _ ac- - a n - i  . c a m a l  ‘ -  n c - - c- - - a c - I  l y Ic - c - c - c-_ a c-

t l c - n -  _ a - c - - I ’ - i  c - a L m a _ a  t i m - c - _ a . - c - m a _ a l  c c - c - _ a t  i r n - _ a c - ,. I c - c- ; ,  i c - _ a c c-- i c - , c-
~~c- c-- c- I l _ a n t  a c - c - a  c c - c - - c -c - c -

t I c - c _ a  i c - n - P c -c - c - c - t i  1 t n - c -  , i ~~c - p 1 i 1 c - c - l _ a c c - c - _ a  Ic- i - a -  ic - . - :a _ a ; H c-c-- c- a c _ a l )  i c - c - c - _ ac - ac - _ ac - c - cc- - c - I  c - c - c - i
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II- c- [ c - a _ a c -t I c - I c _ a  - 3 4 4 6  I c -  c - i  I l t c - - i ’ c - c - _ a c -- c - i c -  c - c - c -c - P  I I  ~i c - c - c - c - c - _ a  i l _ a c -  -

c - _ a c t i o m i s  a r c _ a  I f l i  re~c - c - c - _ a  c - _ a t  c - c - _ a c - c - I  i _ n c -  c - - P_ a c - - P c - r c - : - ) a a i  a n - c -  c - a : _ a c - c - _ aI ‘ I ’ - c i s i o c - _ a - - c - c - n c - k j r a, n
c - a r c - a  t h e  o~c - a r c - m  t o n  ‘ c- c - a c - c - c - c -  _ a a c - c - c - b . I v,i tai c- -c - a .

2. 3 .]  1- 1_ ac -Pc- is f o r  t b _ a c - u n - _ a _ a c - c - _ an C a r c - t r o l l c - - c - c -

Sop h is  t i c - c-c-c- ted n c - c - n h -cc -_ a c--n- c - t i c - ac- i l  tools  h _ a n _ a c  U - -c- -n c _ c -a _ ac l ioI ’ c- - c - i i c - c  c - c - ri

a t t n -n _ ap t  to dc-_ an -cl ap analytic or corc -p_ ac -nc-.e r c - - , c - _ ai c - c - -  is t I c - a t  c - c - i , Ic- ~c - _ a- c- c - c -  n - i,

c - _ ac - _ a c -ura te ly  the ~_ac -~~ fo  r n _ a c - n _ a c - _ a _ a - c -  of i_ ac - inc - c - c - r n a p e_ a c- c - t a r s  i a _ a  coca I i r a _ a c - c c - c - ;  S

con t rol  tasks  eri c_ I  a on - c - c - rb- _ ar of d i f t e r e r _ a L n - Oc - la l  s i _ a c - c -c- c -- r - c - _ a c - c - i t  c - c - _ ac-

These ic- c-cc -inc - ic, fo r  cc --c c - m r _ a c - n - icc -, sc - ac - - ct _ a l e - i — d a t a _ a c -  nc - ma c - c - i - c - a l :  (c__ a . c - c -  , B - _ a l _ a -  c- c-
- ,

1 9 6 2 )  , f i n i t e — s t a t e  nc -c- ac - Ic - c-is ( e .g .  , l _acj_a_ al c - c - c - c - c - i  11 - c- cr c , I c-M c-c- ) , i _ a c- c - c - a c - i c - i raq 4
c - c - co - I c - _ al _ a (1’ c-a c - -ys S , 11) 18 ; S c - c - c -  - Al_ a c -c l _ a c - c - ac - -  I , N c _ a  . 4 ), c - i c - c -c- c-c- _ a c _ c -  or _ a . A I t i c - n - u p  Ic - c- c-a i - r y

of tic -c-c - se modem ; hc-_ ave in to _ ac --s tic-icj c - in _ a l  u c - _ a c - n f u l  f c c - c - c - L u _ a c --s , IL  i n ;  [ c - j r

to s c -m y  t ha t , at p r e s c _ a ;r t a , t he  c - _ aa , a c - i a c-c-_ a l c _ a c - c - t i  c - c - i  f i _ a c - i c - I  i c- a c - i n - c c - c - i c - c - c - a l  c- - c- _ I

b_a ’ rn _ a_ al- _ a is base d on c _ a c - c - _ a r  t r oT  t h ea rc-y c_ I- - c- S c-cc- lopc ;cc -c -n ic - s , c - c - c - c - n _ a  cc- ly  , c - I c - a  c - c - i  —

1 i n c _ a r  d e sc r i b ing  fu c - i c  L ion - c- rn -c - c - Pa in- ;  , f i x - . ac- i — Ia cc-- ma - c - a r c - i ; - - - _ a  I c _ a r  opt i n _ a c - i  -i,n-

t i _ o r _ a  ma c-lo is ,  and s t c - n t o — s~ c - a c - a  c - c - i c - t i c - n c - al. c-ac-c-Ic-roT c-:: :i c-l. s .  c - i c - I _ a is an -i n - c - _ a

c--c-ill focus on talc-c-nsa d c - c - c - nj ac - c - c - a _ aL c - c -  a c - i c -  - ic-s . l ! c - - ; - c -c- - ve t , I c - c- - c - -  a c-ca-ac- ol t , l a -  - i _ c - ’

p a L m _ a l t _ a l  f o r  i c - _ a c _ a r c - c o _ a c - n t  M a-n _ a  in  t o t _ a l  c - ’ _ a , i s s i o _ a _ a  n c - _ a c - i _ a- ]  _a , c- ; i c - _ a n c - c - t c - ;t ,i , c- - c c - n
ic - c - -c - c - c_ In - is For a”- ,ac - ia c - c - il c c - c r c -i a’ c n l  a-c- i l l  a l s o  b c -  d t s c c - a s _ a , - c-i ( ,i c - n n - ] c - c i i c -_a~

s imu l a t i o n  v e r s i o n:  of t i c - — , , - c - i c -a c _ a  U c - a m n l a  a c - c -  c - - l e - i, c’a ) . 
-

‘

2 . 3. i .i Quc -c- l a _ a n  c- 1-l .a i - c - ] ; ;

Il l-a c h ur c - c -’ i n c - a n _ a c - c - I :  a _ a ) ]  i c r  i _ c ; c-a c _ a c - c - c - nc - a - i-a-: c — a _ a c - I c - n c - c - i  c - m a c - c - c - I  i _ a c - I c - c - a- - r n _ a t ,  i c - c - c - c -

; c - r c c - c a _ a c - n ; _ a ;  i _ a c - c - i  a _ a - c- n a t i c - c- c - n i .  I I i c-; c - _ a - a r c - c -c- n~c-c- i. I a c - ac - P _ ac- c - c - c-c- ] c c - a I n ~ c - I  t i c -c- a t  i c - n - I c-c-

c - m P , n j a t , i v c , I c c - , , c - — v c - c - n ’ ’ : i r _ a r , I c - n - - c -~~n c - c - c - i i l i c -’ c - _ a ’s - -  i c - f t c - c - n, c - c - c - I  I N c - I  i c - ’ cc-

1 I c - a n - i o n  i c - a s t c - a : - 1 a , r _ a c - t- i _ a a  M c- n c - a t c - uc- c _ a .  I c - u _ a l a  n y c - c t  c - c c - a c - i c c - c -n- I a - c - t i c- n ; - ,

c - c - c - _a c-
c-

c- c - l u  i i c a n m l l  I c c -  c- _a c - c -  m i ~ c- ’ c _ a c - a c - c - a c - I  - i a c - r n n - t c - - n i . a r _ a .  Ii c - c - c - - ’ v ’ - c -  , t i c - a _ a c - c -  I c - - c c -

i _ a _ a c - c _ - i a  (‘n - c - ic - - i _ a l ”  ‘ ‘ c - i c - i _ c - c - _ a _ a ; c - a c-- r c -  I _ a c -  c - c - i c - i c - i  ‘c- - c- ac - -i c - c - c - c  I I I c -  ‘ c - _ a  ( I c -  c-c c- ’ j I c - i  n c - c -c-

I c - c c - _ a r L  i c - c - c - c -  t i c -  .- c - c -  n _ a  I c- - Lla ma i c - c - c - c c - i c - i  cc - c - c -  c - _ a  I a- _ a - I a I a n I r a , c- mc -  c c - c - _ a c -  c- - c- a 1~ ic- _a - I l _ a c - V  i c - c - c -

- _ _ - c-



i l _ a _ a c - a -,) c c - t Nc-c- . 3 1 . 1  i_a I c - c - c - i  Ic- i t - c - c - - c - c - c l _ a c - ac - c - _ a l N -  - c- - c - c - ,; a _ a c -  I _ a c -

c - I c - l_ ac - c - k _ a - c - - i c c - p c - , :  n - c - h cc - a ’ c-j c - a n c - ; i l , i c - c - c - c -_ a c - r  tc-hc-c-nr c - ; c - ; -~~i i c -c-s c - c - H - i  i c c - a t i, c c - c -c-

t - o i - - c - c - c --c - n c - c - mi ca c - _ a r _ a t r o ]  c - - c - c - c - _ a  I - i o n c - c -  c - c - c - c -a c- c- by ‘Ic- us! i r a  ( 1 9 1 4 )  , ( i 947) . T i c - i c - c -

c - -c - c _ a c-P _ a c - c - c - c -c_I t i c - a t  o f  R c - m n c - c -c - a c - c - l ,t ( 1 9 5 1 )  , I c i k i  c - ic - I  (1  9Yc- ) , N.’it c - icc -r c- c - _ a c - P

f l _ a ’ c - - c - n Pc - _ a i  ( 1 9 5 7 ) ,  a rc -P l-1 _ a - Rc - _ a~-r , c - c - _ a _ a c - I c - c - _ ac-c - c - a , K ’n c - c - i a c _ l e i, a c - a - i  P P _ a - n _ a c - a r  ( 1 ) 6 4 )

resul t _ a _ a _ a l  ic-n c-c - s n - I c -  of  qu c -_ as ac- l i _ n c - c - c - m r  a _ a c - _ a c - i c -- , ! c-c- t i _ a _ a _ a t a c -- c - _ a  a c _ a c - i Lc - c- c - c - c - c - c -~ ) i c -  c - _ ac -

- c- c - c -c - c - i  ‘ c- c_ a t c - i n g  i _ a- _ a c - c - ma c -n c - ac -_ a f _ ao l  i _ a c - i _ a _ a c -c- , ’ i_ o r  in t i c - c - )  a ; i. _ac-c-p i C_a , i c - _ a c - ta t i c - c - i_ c- ’:) n b c - n _ a c -  L

c l a s s  of p _ ac - ab l e _ ac - _ a s  i c - c - v o l _ a  i n c - i  c - a c - c - a c - p c - c - n _ a c - c - t o r y  L i .  c - c - - I c  ‘i rag c--c- I Ic - i c - c -c - c - c i ra -c-J ] cc-

c- c- Ci~~_a~~i , ay c - c - n c _ i a s i nc i l . e c - c c - c - c - a c -  ; p u i c - i t c - r .  ‘l i_ac work  j~ c - -c - - c -I l  c - a r c - c a - , - c - r i  z c - - c-l
in the  ex c e l l e n t  r n - i c - a r t  of N c - a T - I c - c c - c - c, oh  al. . ( 1 9 4 5 )  c-c- a_ ad in s c - - v - -c a l

s c - c - n y c - c -c; ( e . c - a . , El , I_ a i c - c - - i  1, 9 6 4  ; Y o c - c - c -c- c c -~ , i 9c -7  3)  . A V a  c-
_a u _ a c -- c-, c - i

up— to— Pc-ate d~ scuc -c-c-sion ( n - i c - i _ c l _ a  i r c - a .,a i m i c - ! c - c - c - c -  n c - _ a r c -  c - c - P vc - c -nc - ac -c - i  a c - ; _ a c - c -- - a L s c , I

the  n c - _ a n - _ a l e 1, i n c  i u d i r c - g  ic - a c -mi I I loon- c - c - a _ ac - a  l yc -n i s) i s  t I c - c  rc- c-  - c - c - I c - c - : : c - c -r c - n - c -J  _a - c - c -  -I c -

of P-Ic-_aRuer c-c- c-_ a c ] Kr criai c- -1 ( 1974 ) . c- c-~h I c - _ a c - c - _ an - c - _ a n - p  i c - c - c - c c - I _ a  a 1 s-cc - c - _ ac -  c-nj_ c - m i n _ a  c - c -

b i b l i ogr a p hy of  ap -d i ca  t i c - c - c - _ as t h c - a t  i c - _ a  c - j i m  i i c - c - c - e x t cnn _ a _ a c - i _ a c - c -.

Q u a_ a i , i i c - a c c - c - ’ a.r c - - c - _ a c - I n - l a _ a  c o c - c - c -- c - _a c - c - L c -  c - c - t c -, c- c - _ a c - _ a ic - _ a c - c - c - c - a c - _ a  c - _ a c - n a t _ a c - c - c -i st r c - I , c- c - q i c - s

a _ a _ a _al b.c- c - i _ a c - I  t a_a dc _ ac - ,]. c--c- i _ t i _ a  lf l
c -.c- c- ’ i _ a c - c- c - t i o c - _ a  pc-Tn - c _ c -c- - c - m a c - I  a c - c - J  bc - i c -  c - n - i n - _ a  i c - c - c - c - ac-

c-a x _ a c - l i _ a _ a l L  f _ a c - s i _ ab c-c- a o l_ a  c- - c - h - c - _ a c - 0 _ a c - - i t v _ a c - c c - c - a c - i  c - _ a c - _ a, c - _ a a _ a a , i , _a c - c - i i _ a  c - n r c -  i c - _ a t c - c - c c -  c - n i

p _ a r t  of  t he  h _ a c - c - _ a l - _ a. Thcc-- c-.j u _ a a a a i l i  n c - - c - _ a r  c - _ a - a c - P _ a - i  1 c c - c c- i _ aun , c -  c - c - _ a  c c - a c - I c -a c- c-a c -i j c e n —

f o r a c -a c - rn -c - _ a n - c- _ a c - c - c - n c --c - i s I s  of  c-i c ,i c -.- s c c - c - i b i  c - a c - i I c c - c - i c - - L i _ a c - _ a  t i _ a c - i t c - mc - - c _ a c ) a c - c - c - I, s f c c - n  I l a c -~
I c - c - ’c - r t i o n  of  t i c - c _ a  ic - c - nrc - _ a c - _ ac - c -  c - a nt _ a c -i-oi l  c-c-a r ’ c - _ a c - a c - a l  i c - c - c - I  t i c - c - a l i s l i t _ a c - c -c - ii c -l -c- c-

c - c -c ia !  _ (‘c- I _ a  n i . s i n P u t  n c - _ a l  c- i 
c-c- _ a c - c -- c - c - c - n - c - c- c - c -  tn -  a - n c - -  I c - a c - c - I t  a’ - I c-c- c c - S c - _ a c - _ a t ,; t i n - -

c i i  f t  c-_a c_ a - n c - c c -c- b c -a- I - c- -c- - c _ a n  Li c - c - -  c c - c - c - I a  c - _ a_ a I a I Li _ ac-  c - i c -c - c - a c - _ a _a ’ U i c - c -  [ c - _a c - c -  - I i c - c - c-- c -  c - a c-~c-~~i I I -

a I t i c -c  h c - m a c - i _ a _ a  c - a _ a c -  I ’ r- c-~ I - - n

c -c -  
c- - i i _ a  - - c-~n i  P -c-c- c- a c , n i i c -~~ a n c - l  I c - a c - c - -’ - I i - c - i c -  c - c- c - c-’ I , I n c - _ a c -  c c -  I t _ a  c - c - n c- c - a c  1 1 1 _a - i _ a

c - c - - c - i  t c - d c - c - c - c - _ a  ( c - a c -c- \c-. c - _ a, i n - _ a c - c - ;  i _ a c - c -c- ac - - c - ;  c - I c - c c  a i n c- ( c - i n  1 l i - _ a  ‘ c- c-_c- ‘ c - c n - c - c - _ i

n - ic - I c c - i  - c c - a c - c -  - c-at c- c-~ a - I c - c -  a c- ‘
~~ 

- a - c- i c - a c -  - - - b c - - c -  - i - c - c - c c - c -  c c - c -  c c - _ a _ a  a c-
_ c- c- - - c- ‘ c - a  c - l a  c - c -  - a _ a —

I c - - a  i c - c - t I c - c - a, c - _ a [ - c - c - c - i c -c- c- i c - c -c- c - a n -  i c - c - I c -’ c c - f  c - I c - c - I - a  c - c - - c - c -  c - - c-’ c - c c -c - c - m i - c -  I c - c - !  I c - _ a

c-c- ic - c - ’ ’ c - i  c c - I i ; c - c- c- - a  c - a c - ( — 
~c - _a c -  c- , ( c - a - i l ;  c - - c - _ a c - c - i  c - a  1 . , I c - c - c -c- c-;~
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_a i 1 
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c- 
( I )
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i c - _a c- nI Il_ a , 1 ~ 6 
c- 

[ a c-fl c - _ a _ a - _ a c - n _ a c  -c-k c-c -_ a c - c - _ al  N - - c - c - c -  — a I c - n  - -

c - [ c - c - j c - ;  c - I L  c - c - c -_ c - _ a ,j l .c - l c c ’ ;  ic - c - nc - chi n - c c - c - _ a _ a - 4 ’  a _ a c - _ a :,] ol f ,c - c - tc- a c - a c -  rc c - l c - ;ta c- , c -c - l to s-_ ac - ac-c-’-

i_ au: - c c - c -  l i _ a c - c - i L _ a c - t i — m a _ a c - c c  , ac- .c--c- a c - c - _ a i y ,  n c - , ’ ’c - c t , I o :’c- c-I c-_a l ‘ c - c - _ a  ( i ) c - i n c - c - i ic-c-p c-c- :n lt r i b—

U Ic -’ -c- i h _ a  Li ’n - ma c - ; n - u r o c - _ a c - _ a ,_ a _ a c - _ a i _ ,a m  c - c - c - s L c - , _a , _a I n - )  c - c - a c - . ]  ~~i I c - c - c - c - I  c - _ a _ a s  a _ a s - c -c - I to
i_a c - c - _ ac - i l ti c - _ a c -  i c - _ a _ a c - ,_a c - _ ac- ’ :-; c - c - c - i n _ a t  ive  n - c -i c - c - _ a l  i c - c c- _ a l a  i c c -c - _ a c- [a’c - n c -n c  I c r  1st  ic - c_ a .

c-
~

c-
~~c- cc- nc -ash i c - p _ a a ” t c -c - n L , ac -c-P p e r t c - -’r _ a~ c-_a c - c - n -c-c - h - c - i c _ _ a g _ a c - _ a  I , ic - c_ a sc - c-it of

c - i c - c - c - c - Si,] i n _ a - _ a c - ar c __ a c - _ a c - c - c - a c - m i  cc-,.a _ a _ a t r o ]  t l c - _ a _ ac , _a y is n - c - c - b _ a ci ted  ic- c- the  “ c- r o s c c- o c - ’c-a ’-c- -

rn o ( ic c - l~ ( i c _ c - c _ c -  Pai. a s L , r c - c - c - - t  1 _ a c - c - .  Ic - )  c-c- c - h i _ n - I c -  c c - l a t e _ a  Y _a ( j -_ a ) , to the t r _ a a a c - s f c - - r
iunc -c - L .i,on of tic-c- c- ac -c -taco] . Ic - -c - I elcc -_ aiuc _ ac-c- t, Y ( j c - c -’ )  , b c -

c-
c- the cpuc-c-tion

- n-
ja a

Y~~~(i c - c - _ a) Y c- ( j c - , c - )  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ( 2 )

c - fl _ a u _ ac - _ a c-
c- 

is the c- ros a_ ac - c - - cc -c- c- I c- .c -ec-~ c-_ ac -rc -c- r zi nc - P  ‘c-
a c-c- ic- c-f t _ a c - _ a t i _ V C  tim_ac -c-c-

c-In-i ay n c-he Cressover rnocl-:,_a ,1c- is a n_ a c- c - P c - c - n c - c - _ a- a c - - c - a l  S t c - a  L c -._ a ;’ -,an i  t of  t i c - c - c-

d c - c - a u  c- c - v _ a c - l i  on _ a th ,a L b c - c - c - c c - _ a c o a_ a t r o i i e _ ac- c-_a c - h _ a - n -c - a c - -  t i _ a c - c - i t  n - p c - a _ a l  z c - c -  I c - c - n c - a c -

c i n _ a c ; c - c t c -c - c - c - r i s t. i c s  so t I a . c - a t  ta lc - c -  c l o _ a c - d — 1 c -,c- - _ a- c c -  c - a c - n - a l a - _ a c -  P - c - n c -  a c - r i c a _ a

a c ,c - n , _ a c - o c - c - i r n c - n t c - a  th0 c - _ acc- of  a “ c - i on - P’  f - c - c - c -_ a U -  a c - _ a _ a l _ a  c_a c - c - _ a _ a t ,  r o i~~ -_ ays  I (c-c-fl Th -

pc- _ a r c- , _ a c - c - .c - c - l c - c - c - r s  o f  L 1v c c -  r _ a a c - S s o~ c-c-c-c- i c - c - l o P _ a-i  , -c-_a c - c - _ a _ a ,] 
c - c - i or t i c - a c - c - c c  -c-c - ’

equ .l I ,i - )n ( 1)  , c-_a rc- c j c - . c - c - _ a -, - n _ ac - I Thy L i  c - ak c l - m a c _ a _ a - _ a _ ac - h a _ a t  ; v _ ac - i c - c - c _ a_a f c c - a - c- t i c - n - a c - c -

i a  c - v _ a  l a _ a c - c c - i  t _ a ’ c - c - c - c - ]j l i _ a a _ a ,c- c - l  i y  s c - c - i c c - _ a L e c - I  or c - I n - , -. 1 c - s i s  of  v _ a - n b c - c - i  a - i j c - c - c - c - t —

c - ma - _ a n t .  c - c - c-d c- c- c-a tc -h c - a t  _ a m n c - c -, i c - c -  t i c - n c - i , I c - a c - n c _ a c - i  c - c - c _ a  a- ‘ : . s i c - i c -c - c - ’_ a ; b  I c - c- c c - _ a :~ _a c - _ a i _ ac - a - c - ; c - L . c - i

c - i c - _ a  ta . The a _a ’ - - a c - c c - c - c -  — c- - c- -I  c - _ a _ a c - _ a-ic -- 1 is i c - c -  Ic - c - a - ‘
i- - i c  - Ic - a c - c - c -  c- c- c - n _ a c -c - a  I c-c- _a a c - i l  c- c- c- a tc-

l r c - - -’ _ a n n c - - c - r c i c.- a _ aa i c - i  t b _ a -  v,i c- c - 1 c - _ a i I ’c- c- of c c - c . 1i ’c- - c- -c- - - \ - - - _ a ’ , tc - I c - i _ a _ a  i s  c c - t I _ c - c - c -’. c - m~~l

t h - ’  I i c-; r _ a c - - c - .  - - c - a  _a - y  t a c- i c -c -j  a , cc - n  f _ a -  I a: c- n ’ - c- c- c- _a I [a , t i c - c - ’  c _ a 1 r c - c - c - c -  c - c - I  - c- lan- a c -  d c-
c - c - a  a a _ a I

c - - c - a - c - c -  c - c - m a ’ l - ’ i ’b ’ Y i _ a : :  c - c - I  c - c -c- s i _ a _ a c - _ a ia , c - — c - 1 c -c - u~~- c a : _ a t c --, c - na . , a ; _ a  t i c - n o t ’ i _ a - a  i c - c - i , i t

c - c - c - c -I I c - _ a c -  c c -  [ I i  - - I - r _ a t I c - cc -  ~~~~c- — ’ - c- c - c - -  I i - _a c- c- c- I I ‘‘ , , I c - _ a c- _a t - c- c -  ~c - c c - a ’ I c -’ , n _a c - c - _ a c - _ a _ a -

i - i c - c - I i c - a a l m _ a ’ l’ . i l  c - i _ ac - c - _ a  - i _ a c -  c- a c - _ a c - _ a l c - c - c - t c - c - c - a~~~ 1 - c-~ n c- c- , -c - a - t. i _ a c - c - _ a _ a 4 c - _a) i i ’ . - c - _ a I  ic - c- I _ i c - _ a c -

a- c - a c - I  c - c - c l  I c - c - c -  c- c- c- c- c c - - p c - c c - c - a c - c _ a .

_ _ _ _ _  _ _ _ _ _  
_ _ _ _ _ _ _ _ _
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I I  
~~

. - c - _ a c -b : :_ a . 3- 1- I u 
c- 

i _ a _ a - ~_a c - n c - c - c -c - c - - I _ a  c - c - c c - c -  a c- c - c - c - c - c  ‘c - a c- I c - c - ’  -

Thu _ a  , the c-c- n ’ c - c - c - _ ac - _ ac -c- c-:- ,_ a c-’ i_ ac - a c - i c ]  c c - c - c - I  I I I . - - c - _ a c-a i c c - c -c- - 1 -  - i _ a “I’: ,c- i c - I  c- - c-

is c _ a c - c -i lv  c - c - _ a c - c - I c -r c - ; t . an - a .c - : I , - m n c - c l  J c - - . c - t c - _ a c -  Ls _ ac- c - _ a c - _ a c -  c - n a  c - b i n -  _a c- c - c - _ a c - a: c - l c -’- a-c- s i , c - c - c - c -l c -c - - i o c c - c - c -

_a~~’ _ a i c - c - a - c - _ a  bc- c- i _ a c - c- c - a c - c - a c - T hy _ a c - _ a c - i  s i a , c - : _ a l y (s _ aa a:c - ’c- l, c - - c - a - c  c-- it 1_a a c - c - _ a c - i  c a r p _ a r a _ a c - - i

p c - c - n c - c - i l )  . -\ i c- n i b c - c - Li on  o f  t i c - c - c -  c - c - _ a n - c - I  c - i  i c - a  t i c - a  b c - c - c - c -bc - c - I c - i c -  - c c - c - I c c - c - _ a c -’ of

i ts  b c - c - c - c - i c  p_ a n c - arc - a-’ - ters ac -_ ac -,I I lie r c c - c - I u _ a  r c - a c ; c - _ a,-n t fa r  ~~- -rb_ a ]. c-ac ,] just .

cc-d c-_ as foc- t ic - -ai r _ a-a i~ - cL ior _ a . 9c- i_ac - s C c - c-n_ aI ’~uc -~cLa c c - c - _ a _ a t  r u i c - s  c - - c - - n - c- c- k  
~~;c-

c - _ a 1

en ough c--c- i,tic -in the P o n ’ _ a : a  in ic -n which t i c -~~c - v  c - - c -- c -nc- d e n - _ a _ a l a ;  c- c - _ a , I  and
cmp i r i c_ a c - i l ’c- ’ v c - a i , i d c - c -L- ,. _ a _ a i ,  ic -u t  c - I i f f i c- u i t l c -,c - c - s  c - a r i a _ a c  c - - c - I n c - - c -c- ( a c - c - n -  att --c - c - c - I s  ic-u

t c -r c- -c - I . i c - _ a t  i c c - s c - n i  bc -s in  a c - c -_ a -; sic- Lu_a t i _ o n _ as . The pr_aU ic - c - a _ a c -  c - c - c - u _ a c -  i c - I  b c - c -  a’ - a
c-

c- c-

c - c - . _ a _ a ; ,ac ; c -_ a c - c - l ,c - io  i. I each r ae _ a- - v an  i c - m b ]  c_ a c - c - c - n - c - c - ]  a l _ a c-_a c - c - c - a l  I n c - ad c - c - i _ a  c c - f t c - c - c -  c - _ a 1  0_ a c- t } m c - , c-

nc-oPa l i a - c - _ a -c - _ ac  :ma ’L - , , c - r s  t i c - c - c - b  c o ul d  be p ‘ eP ic- tn-cl i c - c - _ a 1 n - p _ a c -c - ’ t c c - c - c - u ,l y a t ’ a _ a  Inc - c -r

v_ac-ic- i ‘c - b l.c-c-c- c- I c - c - c - i c - p e a ;, bu t  tic -i s in ; c - c - c c - b  u _ a ,  n l I l ,y I c - i _ a ’ :  c -c -,ms e. J c-h c- m c-~ ,

uc -’a l , _ a _ a n c - c - _ a  c - c -  _ a c - _ a _ a :t-, i c - u ] _ a _ a :  c o n a b i n _ a c - a t i o n  of  c oa l i t i o n s  b c - c - n a b - ’ -  c - _ a c - _ al u c i i , c - - c - l
n -a c - c - a, ; r~~c _ am 1 b y ,  t i c - c_ a b a c - a l  c - c fo r  p c - c -_a c- c - i - - - t  - 

c- c-
- cc -c -sc - c- its for t I c - c - : a ; n -  c - : o c c - -i i b i c n c - c-

c-ic - n a L c -’ a’ a c -- m c - ’c -u s ; on-c-a is [cr c-c-n -c-] cc- it i c-ca ’r I c - cc -  d c - c - c - - c - c - l a n -  a c _ a c -  taic c- lj c-c - f c-i l ’!

poss~i Ic - c - I e cc-c-’)_ a - ,’c-,b i n a c - t  c- c _ c - _ a c - s  of c-or_ac-U tiaras or to i c-c-vu_ a_ at c-_a c - , . c- c - I c - c - I  , al_ac_a

i _ a c - n - c - - i  r c c . r c - ) :_ a ( 1  , t i _ a c - i t  _ a a c - c - c _ a v,i c - i c _ a c - ;  fc c - _ am _ a c-- a l  c c - c - ]  c c - s  f o r  a ; c -,.c - t L i c -c - _ a  } c - a c - c- ’c - _ a ” v c -I c - c - c -- c - c - .

c- f c -c - c - c- PL: c - _ a c l c - i b i n q  I a _ a c - c - _ a  I . Lon _ a _ a ; c - p  n ’ a - c - - c- c - I c -  to c - _ a - - i t  I — i c - n I _ a c - n i  , c-c-c-u ] I —

a oui a p _a_ a t nc - ca d c - I  c o n t r o l  sync - I ems i c - a  1 , - c- c - _ a - - a ] oc - n I l a - ~ m u l t i — 1 c - n -’ c-~ c c - a r c - c a l  y _ a c - i c - _ a
t c n _ a - i ’ c - _a a i n _ a u e c - c  of’ c - I a s c - _ a i c - c -- a i  c - - c - c c - i t _ a c - _ a l  t i c - - , c- c-y c - ac - n i arc- I l _ a c- a c - c- at s - I _ a c  c-r c - md

i n : ; i - ’ a c- c - i s  c-Uc- c-- c-.c - I o ; _ a _ a c - i  i o n  t 1 ~~ _a c - c - i a i c i l c - c - ’ - i _ a . _ a i c -  a a y c - ; ( c - - n a c - c. b c - c - n f c’c n f i c - a a  c - t n - iy ,

t i c - c -’ - c m _ a  i c - c -  m a c - I  I n -  c- - c - - c - I c - c - a c - - i  c - c c - c - c - c _ i  i a —]  O c - c - i  c- r c - c  -‘ a cc - i  1 _a I - - rn _ a m i t  i - ‘  1 o c - i c -  c - _ ac - c- c - m a c -  I
c- c -n - c - p me ’. i - c - c -  P.c - U - c - c - c - c  I c - c - n _ ac - c - ;  c c - n t  t o  i a _ a  c - _ a c -  c - - n c - n - c - c -c - c - c - n - c - c - c - a  a _ a b c - - i -  I c - c - _ a  c - c -  m _ a c - a c - -, l - c - c - m-

o I n - - ‘ c - c c - c -  c - _ a _ a c -, ; . }c- c- 
i c- _a 1 , I i c - - c - c -  c - c -  I a I I c - c -  - c - -  c - [ a ] c -  c- c - - - a - c- c - c - - l i  c- c - f  i _ a c - c - c -  c - c - I a I

1 c c - c - c - a -  c I I c -  - - i — c - c - c- c _ a - i c - i  -c- ,i I 1 c -- I n - c - c -  - . c - I  c - c - - c - c - c -  c - c -  ‘ c- - c - c - I c - - c -  c- c- _a c- c- a 1 a - - c - c -  c- 1 , I v _ a - c - c - - i c c - c - l

- ; c - c - c - i - : _ ac- c - : i  I c -_a - , t i _ a c - c - a  i - a _ n c — I c - n a  - c - - ’m i c - c - , t  - c - c - 
c - c -~ - - c - c - t  1 ’ i - - c - I ’  c - c c - I c - c - c -  c - i c -  1 : - c - n _ a

c - i c - F r _ a i _ a c -  c - _ ac- c i t  i - - i c c - c - _ ac- c - c - H a  c - I  i - a c - c a  ( c - c c -  ‘ , c - - . i . ,  b c - a c - c - i c -c- c - f c c - c c - i, (‘ a c - H ’  ci
c-c- _ a c - _ ac- a c - a t ,  c - c - c - c - c - ) a, c- c-~i _ a - c - c - c- c-c ’  c - f  ~~~, _a .~~~~~

c- c- c - n - _ a c - n c -  c-
~ i c - c -  p c - c l _ a c - i c - cc- - - c - c - c - c - c -

c- c- c- n - i c - d c - m I - a t i c - a c - c  - c - c - c - n -  I c - c - i  i c - f l  1 - i — I c - c - -  - I a - _ a c - - c -  b i a c -  - t i c - c - a - c - , n- c-c- c- a c  (~~ c- ’ , c - ; c - I c- c - t c - c - c -  c - i
: 1 - c - _ a c - c - c -  - c - c - . c- l I c - ’  c - i c -c - c - c - c- , I c - n - - I ;  : a c - _ n 1 c - c- c- ’ c - c - c - c - lc- c- c- - - i g  - _ a c - _  1 c - c - c - c - c- r c- , 1 - n - c- ;

- c- c - c -  a c - a  - c - c - c - -  - - , 1 c- c- I c -  ) a c - c - - c- c- I c- - a .c - - , i c - c -  c - c - - i a - c- a c- , - c c - i _ a -  c- c - — i  ~c- r c-~
c- c - _ a c- i c - -- —- c - c - — c- I c -  a~~c-~~c - I  c - c - c - c -  ‘ c- a c - c - _ a c - c -  - c -  c- c-c- i c - c - a  c - a c - I  c - - c- c- - c - _ a _ a r t  i i ,  I c - c - a

__________ -~~~~~~~~~~



I c - r . -~ c - c - c Lc- ta N_ a ) . ~ 4 4 6  c - i  a., I c - - - n c - c - cc - cc - k c - a _ a r  N v c - c - c - c - c - 1 _ a _ a~ - .

n a t r u c t c - ; n a c - _ a c  c - ac - c - c ], c c - I t - crc - , to - _ a c - c - : n - i r c y  _ a i : - c - -.c - P - c - f o r r c - _ a  i n , ’ ’ a - . l - c - l c ;  i a _ a  n - - c - - i c -  l _ a n - p .
Of  c.a o a _ a c -  c - ac - - , c - a c - ic - ic - c - t c -. sc-rc- i c -uic-’c - - a I r a _ a c - c - i. ar_ a i c-_a -, - c- a c - _ a l c -  I a c - ’ c - c - c -  c- c -c-c - i l l  i c - c - c - ’--

c - c - c - i j c - a s I c - a b l e  p a r c _ i c _ a c - -  ‘t or s  t i c - - n t  rn _ ac - s t  b _ a -  c c _ a - _ a _ a c _ a  i I I cd c-’ c - c - _ a~ l , c - a c - c  i c - c -  t i c - ac- c-

s i ng l e—  b c - c - p  c _ a c - a n -  , they  ace  t c - c - s k c - — d c - - 1  a c- - n a _ a ]- c - at . 13cc- c--c- c-i c-los 1 c c - c - i  n c - p  c - c - - c -_a_a —

c - a c - c - i _p c - c - c -  for f i x _ a -cl c o n d i t l o c- c a ; , ioc_ c - ; a  c I a _ a u _ a c - n c - a  c--c-c - i l l  al so c _ i c - - ; c - _ a - n c -’] c - c - c - c -

d.i splay and coc-_atrol sys 1 ,- c c - c -  c - Ic -a _a c-a i c - c - a c  i c - a  a -c - n - c - a c - a pi] c c - c - b c --c - i  I c- a si c- i c - c - c c -
c-ic-
~

c-c-e Pcc-tn- L’ c - _ a _ a .;. - - a t ion  of t i c - c - -  c - u i  t i i c - l ’ c - e i t c - c -  0_ a:  1 c - i  lot ; c c - c - r ac - _ a _ a~-t c c - mc - ; r _ ac - -,c - c - c -t

bc- done i ter a tiv e l y .  Ti _ a c - a c - a , t i c - c - c -  si c - c - n - l i _ c i t y  a c - c - r i  c c - a_ a c  o f  c - c - c - i c - ac-P c - c - t i  n-c-c-

associated wai ti_a ti_ac c- c - ingl -c-- -- I c c - n - ; c  c - c - n c - c -s c - a _ a c - _ a c - c - r  c - n c - n - c - I -’ ’ 1 v \ c - c - c - ; _a _ a c -  n - a t’ c - s, c- c - c - c - _ al

orc-e is confromc-t c- a- c- i w i _ t i c -  sub c -a I c - c - a n _ a t _ a  c - c - i _ a a _a ’ n - i _ a l _ a c - c - c - c - _ a; c--c- i t  I c -  r c - c - a _ a ; n - - c - t c -  to  P ‘_ a t In
p rc_a c i i ct io xc -  and comp c - _ a t c - atc -io ;c-

The c-fl t u a t i o c - ’c- W i Lb c-’-.c - sp c c b  t a _ a  t i c - _ a -  cc- - a c - c - _ a _ a c - c - c - c - t a  p o r t ’. i n - c - _ a  of I ~c - _ a.c-

c j u c - a s i l i n c - c - c - c - c -r m o d e l_ a  is less c-- c- - c - c - l i  cic - v e io c - -c - _ a _ a] . Th c_ a c u r _ a c - - c - _ at . vi c - - ’ -: of
remnant in c-juasiliaac- ar rn _ ac - ac - c - ac -i cont ro l  t h e o r y  i _ a  t i _ a - n t , in I Ic - - -

a h s c m _ a c _ a c -’c- o I c-l i s i_ a ] c - c - v s c - c i a_ a _ a c - i n c - i  , i n - m n _ a r c -  I s d c - c - c -- I c-a c-
c ; -  - ly to i _ a _ a c - m a-, I c - c - c __ a  a I c - I c _ a

s tochc-ast i c- v_a a’ i :c - t i o c -_ a  ic-n LI _ a c- c- h _ ac - ac - c - c - ac - c -  o ; _ a -a ra Ion * ( - c - I - _ a a a -  c - n  c - c - i _ ac-I N r c - - c - c c - H - i

1974 , p. 6 5 ) .  l b - _ a _ a c - c c -c - an t _ a  is nc -c- ta ec-’r o r c - n _ a  n c - o c i c a i i _ a n - c -  t i c - c - c -  m ic - I c - - r c - . i a c - i c c -  i c - c-

; - c c - n t i a c -_ a  of tic -c c _ a c c n t - r o i i c - - r’ c - ; r c - c - c- a p - : _ a c - a c -’c-c , c- c - ] , t , i _ a c - c - u c - c - i c  c c - c - a c - h  cc-- a - c _ a _ a c  c- . c-_a~~c - :

c -o n t r i bu tc - c - -  to r n - c - n a _ a n t .  c- -
c- c - i c - ’ ]_ a fc-~ r c- s i n -_ a l-—loop _ a n - c - c - c -n ’ _ a c - c - t  c - c - c - n-c - s i _ a t  of

c_ ’ n aj n r ,i c _ a c - _ a i i ’c-’ o b t _ a i i _ a c _ aP fir c- a t—oa - c- ]c - c - r n c - - c - i  c - _ a c -  s c - _ a c - c - c - I -a c - c - c -  i _ a j c c -- I c-~ cl c - a t  c - i c -

a ix_ ar c-i t ,cc - r ‘ a ; i n ; c n n I  ( N c - _ a N n c - -  c - n ’  ‘ c - i c - c - ]  N r c - c - a c _ i  c - c - ]  , I c - c-  7 - I , p .  ‘~-t ) . I c - c-c- I n i

n - i c -c - I c - a r c - c - I c  c - _ a c --n - I c - c - I s  f a r  c - - c - - c - I  c - i . — d i c - ; _ a c l c - v  s _ a c - c - a _ a c - - c - i c - a c - ;  I c - : ’c- ’ - - i c - c -c- c - c - c  - c - I - c - _ a c - P C _ a -c i

aa_aP i _ a c - c - c - -c- c- i c - . - - c - c -  ac - c - - c- c - I t o  n - c-’ , I i  c-:t c-’ c- _ a c - c - _ ac - -a c - c - I i _ a c  - i _ ac - c - c -i I I — 1  ( c - c - c - ;  - c - a  i I a c - _ c -  - a

(ac - c - c - n - , c _ a.  cj - , A] 1 c-c-c- - c- , ( c - i  c- - c -  . c- a c - c - _ a c -  I c-~c- a c , i c - c -  I I . I ; ’  a , ,
c - \ c  -c-~~ , t i c -  - c - c - a c _ a  i _ a - ;

c - c -c - o P-c -i c- lr c- ’ _ a ;  c - _ a _ a c t. c- c-~ c - ; - . - c - a c- ’ I c - c  ‘ i c - c - - I _ a l  c - - _ a c - t H’- - l - _a c- c - c - c - I c - c - , l n m c -a b e c - c - - - c - c- c- I _ a _ a  i _ a _ a

_ a c - n ’ c- c- d i  c - i  i a ;  n c - a c - c - c - c -  c - _ a c - c- ( P a - I c - a c - c- c- c- c - c - _ a c - I  b a - c - i , ~ ‘ i i )  - n c - i c - i , I - - ~~~c- c - i c - a c - -  c- c- i c - c - c-

I c - _ a t a  i c- c - c - c - _ a t’ 1 c c - c - _ a _ a ;  i c - c - c -  - c-- . - ‘ ,n i_a I c - c - c -  c -_ a I c -  c - c - c - a c - _ a  n - c - ;  , c - a c - - n _ a c -  i n c - c -  c- c c -n , a I - 
- 

j i _ a ;  , c- - _a c-, -

c- c- P l c - c -  - _ a  c-c - a I _ c - c -  i c ’ , ci  I . I f  i c c - n c -  c- I V t _ a  c - m a ; -  c --

c- c- c - I c - i c -  i _ a c - I c -  - i - _a c- c- c- - Ic- ad i n - i a  a a ;  a a - I -  - c-~~~
c - c -  ‘i i c i  c- ia _ a c- c -ac - c - c - i _ F  I c -c- :~ i c c - c - ’ n t  c- - c - c-

c - _ a - ) c - l  c - i  c - c - i n  I I c - c -  c - _ a l ,; I - c- c - c -  a _ n c -  I i c - c c -  I c - n’ _a a c - - I _a c-c- i c - c - c - j  a c - - c -  c - c - c - ;  ( - n - c - . — i - c - c - c - )

_ _ _ _ _ _ _  - - - ~~~- - -- — c---c-~~~~~~~~~~~~~~~~~
. c - -

~~~~~~~~~~~~~~



11, _ a p a r t  I - I c _ a .  3 - i -t ic- f t c - c - i t  F i c-c-,c - c c - c - _ a c - - c - I c -  c- a c - c - c -.I N ‘ c- c - c - c - c c - c - I  i c -~~c - _ a c-

l i _ a c - c - c -  I b y ,  c-i c - _ a c -  slc -ouic. t  c - ac - c - _ a rc - tic - c - c - c - tic -cc - [ c - a c - c - I  t i c - a t  c - I c - _ a s _ a _ a c -  c - i c - i c - c -  a [ u i _ a c - a l P - c

a n _ a c - c -d e l .  s c-c-cc_ a c- c-_a c - c - c  - c c - cc - ac _ a c -_ a— do _ a c -- c- ic - _ a c - c - _ a -_ ac - c - i c - _ a  is c - P c - n - _ a c -c-c- dc - c -  b c - _ a  b -c-c- c - _ a _ a c -  i c - c -  s tar] c L i v

v c - a  l id on_ a ].y tic_a r c - st a t i o n _ a i r y , mar c -cl — c - n i 1_ apu I c - c -  - n c - h o  c- in - sc  c- c - i _ b  c- n _ a c - ;  f _a c - c - c c - l i  n - c - l

i_ s not_ a the p i lo t ’ c-c- L rai ’c - s f e r  f u _ a c - c- tc - i c -_ an. c-Ic- c- c - n - c -c- a c -  ic - av e b c - _ a - c - c - a  c - _ a l  f o n t  c-

to c-Icr_ac-lop so— c a l i c - e d  d u a l — c - h _ a c -n rc -_ ac -i c-ori tc-.ro l l . c_ ar s t h a t . c- -c - i l l  c - c - u n-c-c-; t he

q u a s i_ l i n e a r  c - c -_ a c - p r o a c h  to be ex tended  to pr c-b 1._ a c -c --c-a i cc- v_ a c - i c -c- c - i c - _ a _ a c -  s t c - . -~ c-

irc-puts , pursuit tracking, quc-i _a_amc-—pr edictc-able in ;c-c-c-t s, etc . , and

these have  h _ ac _ I  so_ am — limi t ed  success (see l- 1c -_ aYc -u e r c - m d  N c -  c -c - c - c - i n - i, l. 97 -~ ,
p .  4 8 ) .

2 .  3 . 1 . 2  If i a - c -n - c - I [‘c- c c - n _ a c - c -, Par ac - ’;_ac _a ta a -r  O pt  i _ a c - i c - c - _ a c - a t  b c - _ a  -b. c- -N - c - c - l s

In  an a t t n - c - _ a p t  L cc ovec - :coc -c -c - e sd_ a c -_ ac of the  ~_ ar obin - ;c --s a s _ a n - a c - i c - c -  I c - c -c l

c-c-c-c - i t h  se l ect ion  of  p arame te r s  of d c s c r i h i _ a c - c _ j  f _ a c - a _ a - t i _ o n  n c - n - c - I c c - l a _ a

c - c - c - c - cc -c -r d  I c- c -p to c - c - c - c - rI .c- c- a 1 a_ a _ ad enip i r i c a _ a l  ac - 1 j u s  t n _ a - e m _ a t i c - m i e n _ a  , c-,;c _ aa _ ac -c- i f lV c -  c - _ a —

t i c jit o r s  h c - a v _ ac - a  used f i x _ a _ a d - c - f o r m  c - _ a c - - a c - I c _ at _ a c - ( 1_ a i N ’ l ) c-- c-’ i t h  the  I c - .c - i c- ; c - c - c -.c-_ a (- c - a ’ c- .c-

of t b _ a _ a  mode l sn - i c c -t n - c - ]  so c - _ as to opt . i _ a c - c -, ac-c- c c - c - n - a - -. - c-ic-i, I c - c - c -c-n- On . I c - c -  - c - c -c - a c - c - c -_ a - c- c-

the Ii  x c c - c _ i —  l o i n _ ar  c - c _ a n -, i c - n I . s h c - c - v c  t h e  c-c - c- n c - c - _ a c -c- 0 r n_ a ic - _ ac -i i c - c - c - c -  f a r - a c - c- c - a s  L f l (c-

ab c - c -c c - . - _a vc - a _ ad  dc - sc -c -i c- i_ bi ; ac-j— I c - c -nc - I  I c - c - n a  c- c - c - c - i _ a  ic- a c  , tb - c-p c - c - n e  cj c - c-c -_ ae c -- c- i ly c- -n - c - c - s I - i -

e r - c - - c - i  to be of the  s . c - c - c - _ a c  c l c - a a ; a ;  of c -n od n - l s .  11cc-c -c-
c- c- ‘c - n - c -  , t i c - i a ;  c -c - ‘a -c - - c-

i s no t  s t r i c t l y  c o r rect  n- c-c- c- I i c - c - n c- c- - a ; ; - - ) a c - s i , b le  I c c - n  c - c - n - n c - c - -  c _ a c - - c - P  c - a c - c - ] c - c - n

c - c - c - i _ t b  ic- c-’ c - _ a p ,cc- : c t  Ic-a t i_ an- i c - _ a t  cc - c - c -c - _ a _ a L _ a t. j, c - c - a _ a of c-’c-c- .c - c -’c - c c - i c - r c - c -c - t ’ ac - i _ a I_ P c - c _a 1- N ’ :  c - n - c - c - c c -’ ,

L i _ a c  spa- c - _ at n c - c - cc - c - of t i c - c - _ a  a u d C i , i i c - c - I  c - _ a _ a c -- c c - n  i _ a _ a  s _ a - c , c _ a - L . i, i cc - ’ . - _ a c - cc - n - a n - i c - I c- m a c - I  I c--

c- 
bc- . I i ; - . - h c - a c - c - a n ; a  o ; c - c - _ a r c - a t  c c - _ a c - ’ a ;  n L - u _ a n , c - n -c- c - L

Ti c - - c -  c - c - - c - c - _ a  i r _ a I . c - - _ a ; -c- c - t , I c -c- o c- t i c - c- 1 - I ’  a i c - p _ a _ a’ a C i c - c - c - c -  c- c- c - c - c -  t i c - c - c - c-

; c - a a  p _ a c -  a ; c- c- c- i P c- _ a l .  - c - a c -  c- c- a ( ~t ¶1 / 0) , c - a _ a c - c - i  I n  c - n c - c  . - I c - a  - ( c - c -  1 1 - - ‘ c- - -

P c -  c c - I  ( _ a,c- - c - _ a _ a  c- t c - a t  c c - c - c - I  I c - - c - . c - c - )  c - I L - - n  t i a c - ._a c - c - a - c- - c- c- c-c - I c - c - c -  _ a c - c -  c - I c - - c - c - c -c- c - c - I  c - I c- - c - a  c - c - I

t i c - - c- a - . c - _ a. i c - c - c -  I (1 )1 I c - c - c- , [ ‘ I ’l l )  . ‘ j c - c - c - c -  c - I  i c - i  I c - c - c -~- I I c - c -- I c - c - c - I  c - c - - c c - f  - c - i c - c -  -

P I I a _ a  I i a -a b c -c-a c - c -c- - c - c c a _ a c - c - c - c - I c  -I a c - c - c c -  t i c - ,  a 1 I Ia ’  i c - c - c - .  c - i a  c- c -i I - c I  c - i c_ a _ a  c- c- c-; c - n  -

I c - a c - I _ a r c -c- a l  i n - c - c -  c - c - t r a i n - c - n c -c- I c - _ a c - ic- c - c - i c - a c - c - - i c - c -- c- c - _ a  c- c- c - c -  n - c - I  c- _a - c - ’ _ a - ’ _a c-_a~~ac - ?’ c- c - c c- c-

c - c- . c - c -  - c- c - c - c -  c- c- - a c - c - n c -  c - c-c- 1 1 I c - c - c ;  a n - i a c- c - ,  t c- - I - I I _ a — _ c - i  c c - _ a ’ ’ ’ - c- c- - - i _ a c - - i  c- _ c -  - a I c -  a c -  -

- - -



- c -  -

c - 1 - n c - c- a c - ) a  I . l I e . ti Pc- J _ a o I t  I c - - ’ _a c- _ a c - _ a c -.tic c - _ a _ a c - c - c -  l c - c : c -- c - c - c -c-, c - r _ a  c - c - c -c-c-_a .

c - -c - i c - c - _ a n c - . _ a- c-’a i
c -k  I _ a c -c- c - -,.i i c-c-; d c -_ a I’ i r ac - c - c - i i c - c -  I c - n - i c - c r c -; of LI c - c -  - : - ~, ic ’ L I c - _ a c- c - c -c - i  t i c - c -

c_ c - n -c - c - c - c - i c - a c - _ a b s  c - ic - c - c - Ic- b c-c-_a c - - c - c - _ac - a c - n - c - c - _ a c -  Icc - c - c - p s (c - c - c - c -  a c - I - - c - p - _ ac - c- c-. c- c - ic- i o c - c -  t i c - _ a c - c -  ] c- c -  b c - c - _ a _ ac- c- c - _ a ]

oc -_ a ci- c- c - s c r i b i m c - c - ;  fuc-c-c _ al i. cc - c - a a _ a c - - n - c l _ a c -I nc _ a ;a c-1 ,t c-_a ) . c-
~~~c - j~~ ca-c - c- :_ a - s c-i c - a c - n  ic- _ a ;  t a l c - c -c - c _ a

,c- . c - i c - _ a : c - Ii f  i c c - c l  c--c- i t- h 1-ho s n c - U j n - c L i v c -.- ~
c- _a c - c - f ic - c -c- _ a ” of  c-c-c-c- c - l i  c-c~~ c-_a I_ a _ a c - c - c - c -I l i a _ a c - ;

c - n c - c -,c - l i , t i _ a s  p r o - _ a c - a l - c - c - I  by Ic-he i c - c - c - _ a c - _ a c - n  p u - _ a t .  c-p .c- a n - c -. , 
c-_ a c - a  ti c- c - _ a c _ a c - c - c i a

p n - r f o n n c - c - c - c - c - _ a c —c- a c - _ ad  c -c - ,or kl. _a .a r c - c -  t n - c c - n c -  c a r _ a  c _ a - c - c - n b _ a  i b , c - t e  f - c- c- n - c- : - ; n c c- c - c - l i  rc-_a tc-i nc- c- ;

ic - a  c - c c - c -ac - ; t a r n - a l  n c-cc-_a d . ‘Ic-hi,s p r c - Cc _ ac - ;~c-tS tb_ ac- a .i c - c - I c c - p - c -c -c t -c-
_a I c - I 0 cc - c - , c - a b c -c- c- _a c - c c -  b c-_ a

1)111cc--: ( 1 9 6 9 )  , Ic-hat . t i c - -c - -  p c - c - i o t a. c-i c - i c -p t_ s  h ’_a, s a c - _ a i r _ a r c - c - c - n t -c - c - _ac-s to r _ a _ a ’ i n i c - c - _ ai ,ve

cc- l i_ nc _ ac - ar cc - nc - c - _ a bc-, c - c - c - c - t i _ o n  of c--c-c -c - c - rb I c - n - c - a d  a n _ a c - i  c - cc - c - c - f c c - r n _ a~’’ ac - c-c- a _ a -  , c-c-c- c- _ ad  ‘ c - - c - i c -c - i c - c - c  - a

o u t”  exc__ acc -c_acling l .y p c - -c - c - n or cjc -c - c - u- I pe i c - f o r a’ c- c - c c - a n  in c - i c -  t c- c - c c - c - c - i n  i c - c - p  t i c - c - _ a

r n - t i c - c -ac- ;.

Ic - n c _ I c - c -c -c - sc -c -n  initial iy c-applied his n -p c - - n c - c - c - c c - i c -  t . c- - -c - c .0 -c - c - o h t a u i _ n c - -’ c -cl by

i - b i l e_ a  amid Vin ’ k- (196 1)  Iron _ a  ~a s i m c - c - u l , c - c - _ a c -- c - I  VTOL h - n - n c ’  Ic - c - sb . T i c - c - c - c - c _ a

d_ac- ta_a include pi 1 01 ic-a t i. c - _ a c -j c - c -  , p e r f o r c - : c - c - _ a c -en - s- ,.a c -  c-cc -c -a s , c - c - _ a c - ’.] n-s t i c - c - c - c - a  I c - - c - c -  of

1. ,il ot P c - c - _ a c - _ a _ a c - _ at e _ a c -S ( o b t a c -i i c - _ a c - - c -I b_ a a d j c - a c - c - c -t . i _ a c -c- ; the  p c - c - c -c- c - c -’ c t _ a - n c - c  - a t  c-c-
p 

f I c - - c- , _ a _ a i —  Iorc-. c- c - _ ac - c - Ic- c - I I d , c- c - c - c - c - _ a  c - T m  I i c - n -  oh sc-c- - c - c - ’ _ a .’. c-l s _ a c - c- c - _ a _ a _ a c )  . ,-\ a c - c - ]c - - n -_ acc - ; _ a c - c - S _ ac- c-i

r c-- :- c - ; c c- c _ c - s s i o !m a _ a c - c - c -i c- c - c-.;j ~~~; t,n c - i c - c -Ia n - i c - c -i ra- - n - a c- c-c-c _ a c - i _ a _ ac-c- c-.; i o a _ a  t~~, _ a I . r e in - I cc- c-i t i c - c - -

ohs_ ac-ic-c- -c - c - _ a t p - il c a t  ratai c- a- ;s to c - n  c c - c c - c - c - n h  c - c - c - t i c - c - _ a  o c- r a n - c - c - s c - c  -c - cc - i per  I o n c - c - c - - i _ a c - c e

c a c a o _ a - c-c-s (c-nc_i c i ct i vn - , i  c - c - b l o t  ( .1 c c - c - _ a d )  I ) c - _ a r c - _ a c - ’a _ a _ a I c -, c - r s  - P c - c - t i c -n - a c  j a , c - c ; tc - a a I c - c - t c -- c - l

c - a f _ a  c- - : c - a c - i — I n - _ a’ c - n nc-c -c - c - i c- c - I  and t n - c - _ a c - c - c ]  t he  t c - ’ c - r , a _a c - _ a c- _ a t c - r S  of  c i c - - i  t i c - - t b

o p t i c - c - c - c -a.acd t i c - i c - _ a c_ a a . c p c - c- c- c- c - a c - ; c -  n - a c - . The aa c- ; _ a c - i t ’ i n c - - ;  c - c - c - c - c -c i c - c - c - _ a  i - _ a - : - :  c - c - a c - _ a  c-i c - c- - i

to “ p a c- c - _ a c - I i c - - Ic- sc-oc t_ a c - ; c - c - c - i c - i  1 c - 1 0 t,  c - c - i L i c - c -  c- _ a  
c-_a c- c- c- i c -_a cc - -c - _ a,;] ic - -,_a . c -  i n  c c _ c _ a c -_ c - ]  I c - c - c - I

c - c - q c -’cc-e; c-c- . c - a _ a t ’  w i th  c - c - - c p a - -~~t I c - _ a  p a  i n -t a n c - _ a b c - c - _ a c -c- , b c - a t  t i _ a  c- c - c - - c- ‘ - c c - c -  , c - c _a c - c - ç l c -’ c - c - c - c- c- c-

i. c- c- , - t  c--c - c - _ a - - ac -  c - n ’ c- c-] i c - i . - c- c - i  c - a _ ac - c - _ a r c -c- , ;  c- c - c - a - I  a c - c - - c -- c - _ a c - c - a c - -  - c - i ac - c - a c- -n- c-’; c- -c - c -,.; ac -nt. c - c - , c- - a c - c - i  c- c-c - _ a;

c - c - n - c - I .  (If c - c - c c - c - _ a c - - c - c -, f t c -c - c - - c - b c - a c -  a _ a n n - c - n- ‘c - c - I  i n  c - - c c - c - _ a c - c -c - a  c - c - c - c - c - ,’ cc- -f i c - c - e t c -- c - i  l i _ a  c- c-

ci i  c - c - ,  c - c -  ~ c-
c- c- . c - c -  c- c - - a - c - c - _ at, ~c- c 

-- - c- - - m a n - _ a c - - c - i  P - I n - c - i  c - _ a  - c-i c-- i - - c- _ a c - c c- c
-c- c-_a I c-t c - c - c - c - c -  c - c - - - - - _a

c - i c - i c -  c- c- i _ c - c -  ~c- c - _ a c - _ a ;  c c -  I . - - c - c - c --y c- c- c - c - -  _a~~c- ; I _ a; t I c - c - a  I c - _ a c- 1 i c - c - - c -  c -I I c- - nc - c I a a c - c - ;  (I n- c-- , j 1 1_a ic - c-
c- 

F I c - m n _ a I ) .1 c-c- c - a -, - I c - a _ a c -  I [ i c- - n a - n c -  t , I - - u : a I _ c - c __ a_ a l - d c -  c - c -  c _ _ a - _ a c 1 . _ a c -  — c- i c - c -  - I c -  i I c- - I  c - c -- - . 1- - f
c- c - c - c - -s-_ a - c - c - tic- ’- c-c- - c - c - c - ’ ] c - c - L a i 1 I I , v  c _ a l  j a t  i n - i  I c - I  i c - c -  _a c - c -  c- c -- c - c -c- . c- -- c - _ a c -c - _ a _ a c -  n c- c -n-Ic-

_ a _ a c - )  a a - a n  c - c - c - c - c - -, l - a I - c- p c - c- c- c- c - ]  - - I .~ i c- r - a  c - c - r- a I i a a I I _ a c- I i a-a c-c- -c-
- I. I I_a - 

- c - c- -  - c- c- - c- m I c - c - I
i c - c - c -n - c - c -  1’ c- a c - c  - c - I - c - I  — ‘ ‘ n c - i  c - c - - , c - - c - c _ a c - c - —  c- i c - c - -c - c - f - a  I c- I —

c-
c- , ‘- - : - a -_ - c- ’ c- - c- c - I  — c- I ‘‘ - I  i c - c-

c - a c - - ’ _ a c - -c- n c - c -  c- c - c - 1  n - c - a  c - c -  0c- .c - c - a c - c- c - c - ’ — ! i  a _ a ; - - c - ’ c- c - a - c - c -  c - c - ’ n - c c -  c- , c-—
~~ c- c - c - ~~~~

I_ ’ c -a _ a ( i _ a c - c -c- c- c - c -c- n- c - _ a _ a c - i

( ‘c- c - ’. ; c - c -  - r , 1 ‘o c-

-- 

c- 

—— ~~ _ 
‘ 

j



- - c - c - - c - - - .  c- , - ~~~~~~~~ . - _ ~~~~~~~ c-~~~~~~~~~ c-

c-~ I. bn- . 31 4 6 
- 

I c - n -  I t _ I a - c- - n c- c- _ a ,c - c -  c _ a c - _ a l  c--b c- - c-
c- c- n c - c- c - n  I c - c c -,

~~
c- c- a c - c - c - c - c - c - _ at’ n - _ a c _ a, I-b c - n - _ a _ a c - _ a  ,- c- c - c c -c - c - a r s c c - c - _ ac- or i p i c -_ an - i  c - -c - c_ ak , P c - c -  c- - c  i c - i l ut  I c - c - _ as

b c - c - - c - c -- n  n c - c- c-l ] c - c -,l to c - c -‘c - c - i r i _ a c - t y  c- c - f c - c - t a l c - c - c-r c - c - n c _ a b s  Lu ‘c- ’ i el c -.i c _ a c - s u i t _ a ;  of  c - c - o a -c-~
p c - ac - c -c -a c-c_a (c-ace , n - _ c ;. , a \ c - c - - i c.c - t c - c - o _ a, Co ac - a_ a-c- ic- c- c; , D i c - l l c - n -’, -c- , ], i i 7 l ; A c - c- c - c - n - l a.! ,

J o i c - a a _ c - c -n a _ a a c  , j ) j c - c - c- c- , 1 ‘ c- c- 1 ; S c -  c - a c - c - c -c- , II 9 7 3 )

T i _ a _ a c - c , I~~
I c - c- c - c - c - ;  ‘- c - i t - h  flc- c - ) c - , i ’ c- - ]  ; a c - c - c - ’ c - c - _ a a _a_ a I a - a - r s  sn -i cc-c - c c - t a - c - c - ]  to o u c - t i c - c - c -i zc - c - soc - a r _ a ’

c o _ a t  f c - _ a c - c - c - I  c - n - c - c -  Ic -  c - c - c -c - I c - _ a n - c - c -  c - c - I c - I c - ]  j c - c - c c -  c - - c - i f _ a i m  sc - c - c - _a ’ s u e_ a - cc - c - cs .  T h i s  a p t _ a c -  c - c - c - c _ a l _ a

a- cc- c -p i c-c-c- c - _ ac -.-_a ;  t h c - .c- v er Lc - ’ c - i  - c - c - a j c -. a c - c - t ’ a -c-” i a t  r u l e_ a ;  of c_ icc -co_ ar ] b i c -_ ac j func - ti _ o c -_ a

t i c - -, - c - r _ a -  c - c -~ I l _ a c - c - _ a -c -n - -  - ‘ c-c-c -’ -. t i c  p c-’ c-~ _a c - n - du _ ac - cc- t I_ ac - a t. shou ld  bc -_ a i nh e r en t i .y

c-_a - - c - .c- c- c- c- ‘c- i c - n c- _ a c - c - P c i  i c - - c- c - .  
c - c -  I c - _ a c - c - - c -  \- c -c c - ’ LI_ acre c-arc sc r ’ io c - a s  p r a b i c a c - a . ;  a c - _ a c-I

l i _ n - i I c - c - at ic - c c - c -  c-_ a ; c - c - c -c - sc _ a c-c- c- a , at - c-I c-- c-c - i  t ic- t a l c - -c-_a c - a c - p _ a c -c-n- i c - _ a l a t i c - _ a c - b  i-c -c -c-c-c-e y e t .  t.o be

rn -sc -cl c - . ,]. ic - c -  t i c -  c - c - i c - c -c- ,_a of i c - n -p c -n - - ic-I l o t  , sc -he_ ac-_ ac -a_ as for a 1 c - c -~~n-~
sn -I cc- c- - I  i o n  o I c- c - i c - _ a  c-c- i c - c- I c - c - n c  I ion  ar e  r n _ a c - c - c - d o d  if t h e  method i_ s  to bcn

t rule  ic c -ic - i  c-
c-t .  I ‘ ‘ c-c- - I l  a c--

_
c- c- c ) c - c -c - _ a n , t a b _ a c -  t nc’ b c- _ a i c-jue i c - c - ac - _ a  b n -c ;_ a a less

suc-n-- - c - c- c -c - c - fu l  p r c - - c a i c -- I n - r  O f  i c - n - r i _ a c - n c - -c- c - c - c - c - _ a c _ a  a c - c - c l  p i lo t  p _ a r c - a _ a _ a a c - I c - c - _ a _ a’ c- ; t h a n  of

r a t . i c c - ’c- . c- . Pc - c - r I  of I l _ a r c -  d i f f i c c - u i  I ’ .- ic -_ a prcc i~~c ’ t i _ a’c - -  p e r f o r m _ a c -c - _ a c - c -- - (n - nc - i , a

to a i n - s c - _ a c - _ a c -’ n- c - -c - I c - c - c - - I, p . c - c - ’~ c - _ a ’  - I c - c - n c ; )  i n ;  t i c - c - -  i c - c - c c -b of c - c -  c - ’ c - _ a c - -c - a c - c - c - c - c - t  c- c - c - c - i c --]. .

It  c-c-c - c - _ a i - c -c-. rc - c- a c - c - c ’  d i  [ c - i c _ a - c - i t  t c -  qac - I  c - i c - c - c - a _ a l  _ a c - c - c - c - c - _ a _ a c - c - _ a c -c - ’ rac- c-
c- n - c - l i c._ a ! i n - n c - c ;  f o r  ] _ a j ’ l ’~~~~a

h-’ c- c-c- . c- c - _ a _ a, a n -  of t i c - - c - - c- c- c- ~o u c - c - c - lt c - _ a c - I  of  c- c - cc --c - c - I c - c - i  c - c -- c - c - i  ca _ a c - i c - c - c - r n ;  c--c - i c - l i  r n - a c - c - a c - c - _ a n t ..

r c - c c - n i _ a c -c - , c- ; ti_ an- _ a r c - c - _ at Sc _ a r i c - c - U _ a _ a  c l r c - n -c- - c- c - 1 c- , c - _ a i c - c - _ a  to  t i a c - c - c - ;- ’ I c c - _ ac - ! a i a i , , p i c - _ a c-_a

c - c - r i _a c - c -c -c ‘c- - n - c - c -c - c - _ a - c - c - i I c - ’ _a ’ - c - c - , a i c - c - c - c -  ‘ c - n i t  i — o u l ’ c - a c - c -i , mc - c - l ti —a _ a - c - ic - _ a, ;_ a aa c - l t - i — c - c - c - c ; m t  r_ac- 1

pm n - a P c ’ c - a _ a. c - c - c - I c - c - _ a c -, c - c - c - _ a  i c - c- l b _ a _ a  c - I c - c - c - c - c -c - c -  i h c c - i ’ I  I c - c - a c - c t  i c - n - c - _ a  c-a c - - ; c - r a c -  c - c - c - i c - , i t  i a ;

c- c - c - - _a -_a-a ; c - a . c - c -  c-
c- 0 J ’ c - ) .’ L ’ ’ c - l  n _ ac- c c - c-_a - -n c - a c - a c - h i  ( a  ion -p c - ; L c c - c - a a L c - c - r c -- . a  a n _ a c - c - I  t h e  c - c - - c - c - i c -- i s

f o n  - ,  a c - 1 c -  i c c - c - c -p .  c- c - c - i c - a  c- c - - c - c - c -n - I  I c - c - c - I c - c - c - a  ( l a _ a c -  I c - c -c- n - I c - i c - c - c - _ a  -‘ c - f  c - _ a ! _ a a c- c - c a i a r c - l  c- c-

r c - c - _ a.i c - c - - I — c -- c - c - ; c _a f c - c - _ a c - c - c -c t i c -c - c - c - , i c - c - c -- n - c - _ a c - a - -cc -  t i c - -, ’ ~ c -c- c- , _a c - a i h c -  j I ,j c- c- c- _ a of c - c-’ c - c i c - c - l i a a n -

( c - c - ’ c - c - )a” , c - c - c - l c - t  )T’c- c - c-c- c- ‘ c-_a I ! c -  c - - c- ’ 1 - c- c - _ a  c - c - I 1 c - a c -c- c - c - _ ac-n - c 1 c - ;  c - c - n  ‘c- o ; c L ; a c - c - a c - a c- ’ c - l .

c- 1 c - I i c - c -~~~
c- c- I c - c - c - _ a t e _ a _ a c  c - c - c - t i  c - c - c - i ,- i c - , c - i ! c - ’  ~ c- c - c n - c i c - ’ i j ’ -c - c  - t i n - c- p a ’ c - c -] I c _ a t  c- v_ a c - n - c - 1 - a I - c - t  i l y

o I L I c - c  - t c - n - I n _ a c - c -  c-
~~ 

c - c - a- , ;  c - c - c - c -  ‘ I c - c -  I c - an - a c - c - - c- - c - c - c -  I I ‘c- t i c- - - c c - a c -_a  c- c- c - c - c -  - a I i c - c - c - a  _a I i c - c - c - c - I  - 1,_a -ac - na _ a

c - c -  i c - i c - c -  I I i - _ c- _ a _ a c - I  I ‘c-



Ran-cc- c-_a t bc- - 34 - ic- i n c -c - i , I bc -_ a c c - c c --c - _ a l a  c - a , , n  1 _ a c - c - ’  c-- _c- c - c - c - a c - c - ’. I c - c - c c -

The ~c-c-c-obIc _ ac- c- ; i c- S S O C  i c - a t - c - - c - i  c--c - i _ t i c -  dc -n - c- c - I c - i c - t a _ a c - _ a c - i  t c - c - c -  ( c - p t  1 _ ac - c - c-. c - ai c - a - c-

pc-a r c _ a _ a _ a c - n - t n - c - c - s  a r e  f _ a r  f roc - c -  t r i v i  ‘c- i .  i c- on  c c - a -a - ~ a - ’c- c - l a’- , c ] n c - c - c 1_a c - _ a _ a c - I _~~ t . yc-

sc -h e m _ a _ as , }.c n - s i dc - c - -c -c - i c - c - _ a  i _ a c - c - ;  sioc--i in COf l c -_ a-c-_a r c; a ’-_a c -C _a c-c-_ a , o f t e n  cc c n - n c - -c- c- c- .c-n c - i c - -  c - a

local  min.i rnc - c - . c- , 
c- c- c - i c - i c - ;  p a c -u b ]. _a’c - _ a r _ a  i n c - r o n - s c - - n  in s c-c-- c-c -n - c - r i  ty  c-- c- - i t t c -  i n c - _ a ’ c-c - a _ac - c -s

in the on-c-c -c-b.- r 0 p_ a_ a. c- ac- _ ac -c-c- tc-_ a i’_ai . In ac-i:] I t ,toc -_ a , b a _ a _ a n - i c - ;  c-c- c - c - i c -c- c- bc_ a c - c -  c _ a _ a ] , c - - n -_ a]

on the  v a r i . c - b l c c -  p _ a c _c - c - a r c - -c - c -Ic _ a s so as r i _ a - ta to v i  a l e c -  cc- Ic- c - c - a _ a _ a n - c _ a  _ a’ c - _a _ a c p o c c - c -. c - n c -

c a p a bi l i t y  ac - c - c - i  to a s s u r e  i c - l n y s i c a l l y c -c -n _ a c -  ‘ c - c - c - i _ a n j  In - i  v c - a ]  cc-c- a_a (c._a . p.

1cc-ads must  bc_a c-c-_a_ a c - c - i _ t i c - c -- c - c - )  . W hen c o c -_ a s t r a i n t s  are pi n - c - _ ac - c l  on t I c - ’

i_ ndc p cand era t  v a ri ab l e s , the  n _ a c - n - _ ac - i c -  i , c - c - n l  op t]  a c - i  ac-c - c - c - ti c _ a _ a c - _ ac - - n - t b_ac-c-Is

( g r c - a c - l i o r i t p r o j e c t i o :_ a ) b-c - c - cc - c - nc - c - c - c - ic--s c-_a c c - f f i c - i c nt . F in a l l y ,  the
co mc -_ a pu ta  l i_ on  t i c -c -_ a _ a r ec~ui rn-nc-cc-_at c-_ a to at :_a.i n a ;c- c- -.c- >c ’i c -  c-c - c - c - c - a ;  ( n - _ a  m i _ i _ a l a’ c c - ’ , )

inc-rn-c-c-se approx trc -ac -tc -’c-ly as the n c - i c - c - a b c -’ c - r  of I c -c -_ a rc -c-n c- ’, c - c - I c - c - r c _  s . c - u _ a _ a - c _ a l.

Thus , for m u l t i — i c c - c -c- c - c - c a  syc L c - c - c c - r c -- ; — c-c-c-b c - c -re  e n - c l _ a  loop caan c - a c - _ a t - c - i c - _ a
several p a r a c c - _ a - c - c - I n - r s  — c-n-c-cpu1 c _ a c - ’  I _ a ]  c - c - c - c - c -  cc - c - n soon l a - ,, c o c - c - c - n -  cc- c - -a _ a - n - a _ a_a ‘i c - c -- ,a

2. 3.1.3 The (c- c- I c - _ a a _ a c - c - n i ,  Cc - n - c - c - ta
c- cn -i :1 _ a c - c - i _ a _al o c- t he  bun_ a c- c - ac - O_a c - c- c - - c - nt orc-

A SOn - n - _ a c -c-I control— I _ h - , - c - r n -t i c  c - c - i c - a c -  c - c - c - c - a c - P c -  I c - c -  I c - c - c - c - c - c - n  c - n - - ac - t ro . i I n - _ a

model i _ n c -c -  h _ a r ;  c- -cc - _ a _ a c - c - _ a c - c - c - i  , c-c-c-h Is c- a c - c -p ro  ‘ c - c - i a  i c - a  b c - a c - a n - c l  on c - c - - c - c - i c -c - r n  c - - c- c - c - c -  I no I

an d cstc - i c - c c - c - c -  t ion tc-ic -cc ’- c - y .  c-ic-he r c c - s u l  tc -i c - c - I  c - c - _ a c - c - c - c - ]  ‘-I I c - c - c - _ a ;  1.- c - n - - c - c -  m e I c - c- i c - c - i _ a - i  t’ c-

as the ap t l . m ’ _ a l  c- c c - c _ a L r o l  c - ac - ac - in - i  (c ib)  of  t i c - c - c -  1 c-c - c - c - - ac - c - c- _ a n - I c - -. r c-c - I c - c - c  ( c - c c -.---

AbsI rc - c - c_ a L N c - c -. 7), n - i  t i c - n c - c - - nc- n c - c - c - c - c - n y  c~~’ I c - I c - - c- I c - _ ac - c - ’  fc- c - c - I  c- n _ a  c - c - c- ; o f  L I - - -  a _ a c - c - ai c - l  c - I c c- c - c - c-

w i t h  t i c - c. ’ I _ a _ a c - c - c - c - t i c - _ a  i c - c I o c - - c -c - c - , c - t - i o c - _ a  c - 1 c - c c - c ’c- - c - . c - _ a c - i i c - c - i  C’ , c -~~- a l . I _ l I P - ,; c - nc - _ ac-I b c -- h -_ ac-c- - i c - c _ a .

n c - i c - c _ a  i c - c - c - c - - c - c - _ a  n- n - c - c - c - r o il - n  i n ;  c - c - c - i _ a —c - c - c c-~ c - t i _ a - c -  c - c - _ a c - c - I1 i t  c - - c- c - I c - c - c -c - c - t a _a c - I  c-- c-c-c-_ i

q i c - c - _ a c - c - _ a  i c - _ a C o r n - c - I  icc - cc -  - c l - - c - u  ic - a c- i _ a — c - _ a  I n - n c - _ ac - c - a c -c- - , c -c - i 1 , I c - a t t n - a c - c -  I t o  ( c - c - c - c a  c - c -

c a l _ a - i  c - c - n - c - c -P c- . n - i , , ;  I , i c c - a  c - c - - c -  c - a _ a - c -  I c - c- 
~~~

c- c - c -  c-c - c - c - c -  n c - c -  I - ‘ c - _ I c -- r  , c- c - c - c - c- l c - -  ‘ c c - I  c - c - c - c -  I n  a _ a c - c - I,

i _ a c - n a _ a c - a r c -  I c - c - - a  I
c-

a c - c - _ a c - c - _ a- cc - c-c - c - .1 _ a .; 1 n rc - c - n 1 - - c - c -  I .  - c - c - n _ a n  i c - _ a  I c - c - i c - c -c - c - c -c c - c - c -i c - c -c- c - c c - c -, I c-
_

c - a  i c - c - I  c - a  c c - c-

i i c - , c i t  c - I  0 , _a c - a _ a - i  N - , - I _ I _ a c - c- - :1 . - a c - I . t o c - c - _ a c -_ a c - i c -  I c - n -a c c - c - c -  c - c - c -~ n c - a c - i -c- ’ n _ a a t , m c - c - ’ I s  c - h - -

oh ; c - c- n - I  a _ a c -c - c - ;  c c - f t i c - - c  -I c - c - _ a _ a c. c
- i c - i a c - c -c - c -  ( c - i c - _ c - a - c - c - c -c -P c - n - c -  s c - n _ a ’- -  c-_ a s I a c - - c- 1 - ~ ‘ a c - c-

for t i _ a c -  I - c - a c - c - i  a _ a ’ ‘ c - c  -a c- 1 c - m a _ a c- _a - a a c- - c c -  c - m a c -  - I -  - ‘ I -
c- i _ a c  - c- 1 _ a c- - c - c -  :1  , a . c - c -c - n- - I c-c-

c- , - h -

c - i c -c- . c- - :c - - 1 I — _ a c - c - t I c - _ a . c t  c -c - c- , ] I  c - c - _ ac - c -  - I I c - - - n - _ a c - c - _ a c - I c- c -  \ , i !  c - c - c - c - c -  I ;  c- c- c-- c- ’

I
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Repo ac- ta Ic-_a c- c- c- . 3 — ’c- -i ~~ I c - c -  c - I c - -c- c- c - n - c - c - P _ a  c - c - c - a c - i  N -  ‘ c- c - ac -  n _ a c  c- c - c - - - .

o p t _ a _ a _a c - c - i  rc - c - a m _ a n c - c - c _ c- _ a _ a c - i c -~~c- c -c : t i c -c- c- t I c - . c- c _ ap c - -c-c- c-c- t , o_ a c - ’ s c-i .nt ._a - r c - m c - c - ] ,  i c - _ a c - i t  . a I  i c - c - c - c - c - a  c - a a _ a c- .c-

u a c - _ a I c - c - r _ a t  c - m a c l i _ a c - p  o f  t ic -c I c - c - _ a k .  ‘ic- h i n a  c - s c -c u c - a c - i c - t .i c - c - n c -  is c -c - n -I c - c - c -- ’-,c - i _ c - c -  n _ a c -c - n a c - I
c c c - c - c - t r o l  (c . _ a j .  , N a i . c - j ,  1932 ;  L _ a-oc _ ac - c - u d, i c - m O ;  P h : - c r c a c - c -~~ c- c- c-c- n - c - ad _ a- l c - a - ” i c - l c - c - n c - ;

19 3 5 )  or i c - c - t r a d i ti o n c-c - 1  i c - _ a c - c - _ a c - c - c - n c -  n - n c - u n _ a c - _ a c - - i  c-i c-c- p ( c - .cj .  , S i c - c c - c -, i , 9~~ / ,

call_a .i, t Lic-e P r i _ a c - c i~ c - i c of B ouc -_ acied R c - c - t c - i o n c - c - i  i t _ a )  . T i c - c -  n o v c -  I c - c - c -~
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a _ a c -c-_a t I _ c - c -c -c- r _ a c - c - - Ic - I _ muds  u _ a n - c l  ‘to rn -c -.) c- :c_ a _ a c - ,_ aa ’a t i _ a _ a c - a _ a _ a c - c - c - _ a  i i  c - c -~ L et  i c - c - ic - _a .c -, t b _ an

inclusion in t i_ a c m o_al _a- i of ci_ a rc - c - cc -n Ic-_a I l _ a c - c  Ic- n - n - c - c - c - c -_a c - c - n r c - c - c - c  - I _ a c  -op- I c - c - c - a l l y

for L:hese li _ i c - c - it _ a c - c - ions c-c-c- c-c-cl t i c - c -  c - c - c c - c t a c - c -i’c - s i _ V c - c -i USc  0 1  SI c - t o — S i c - _ a c - _ a c

concepts ar_ a c-I the tec-’c c - c -_ ai cjues  o f  n c - n - d e c - c - c - c -  conIc-rn-i theory .
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t c a c - - N c - _ a . c - c , _ a _ac-es a c - c -c- c c - i s o  c - c - t t . i c -- n c t i ’ - , c-e i c - c -  1L - ’hta of’ c c - c - c - c c - c - t n - c - c -  mi c - c c - n’c- i tc -or .irn ’c- ; c - c - c - i c - i

c _ a O c - c - t _ a c - c -  c - I  c- i c - _ a c - c - c -  - c - - n - _ a _ a  t i c - c -c-t: a _ac-_a_a oil i n I c - c’r2s1 c-  . F i n -_ al l y ,  t ’h c -’ ’ c - c - c - _ a c n - t a  c- c-_a

c - _ a c - c - m a c - _ ac- c - t i  vc-_a c - c - c  -. ,Iel  * an-cl t.i ac - c - -  ~~~c - d c - _ a c - c- -_ a i c-_a c-c- n- _a, I c-_a z c - _ a c - c - _ a c - _ a c -  I _ c - i  fc - i c i i i  tc -_ ac - In-
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cc - f l a _ a c - _ a c - _ a c - r n  b c - _ a I _ a -. c -v i or  n - i c - c _ a  coc -_ as .i d ec - c- n - d  ~ai ‘ac-c- c - i c - ac - c -c _ a t _ a c - -  n-I

r i_ c - ic -n - rn -s_ ac -i t i  c - a - c -  c -nuc le i  is a st oc - c -_ a ’_ a c - s t i ,c , t i c - c - c - - c - a — dn a _ a c -c - c -  i n c - c - _ a i d _ a n ] ,  in - _ a

the  hu n_ ac - ic -_ a . I t  irn ca .1,uci c--.:nc - ;  a moc-Iei. .1cc-c c - - c-c- n- -c-i ic-c - t i c - n’; the  r n - _ ac - c - i c - i c - c - a  c c - c c -  I_a c -c - c - _ a c - nc - _ a Ic -

of I c - c -, c - _ a n a : c - r i  r e a p - u _ a _ a _ a c  ac-_ac -I is c-_ ao l u i _ a c - c -  I _ a c ]  to s te  t cc ionary  c o_ a c - t i n - I  S c-c- Ic-u c - — c -

t i_ oar - ;  . Tic -c bas ic-  rn -cciei ic - _ a  c Oc - a c - poa c -’c- :c- o I the  f ob  I _ cc - c - -,’ a c - c - p  : (1 ) c-c-c-c-c-

‘c- eq_ac-c-c- v a i n-n t ” perceptual  nc-odd the  Ic- t r a ns ia tn - s  cliSp l _ a c - c - 7 _ a c - i  c-c- c- c - c - _ a  a c - _ a l _ a l  c - n - n - c -

i nt o  n_ arc i . sy , c lein -yed,  pc-’: c-~cc -_a i . ved va r c-i . c -b i e s  ; ( 2 )  c - ar c  -in  forrc - ac - c -t i c - c - c - n  c - c - c -’o—

cessic-_ ap nc - c - _ a _ ac - - al c - c c - _ a _ a c -  s t i r aq  of nc -_ a opt_ ac -_ ac - c-a l es t c-i c - c - c - ._a tc-or c-c- c-c -cl a i c - c - c- c - - i c - i  c -_ a t a n -  a’
a that pea_ an-rat-c - ’ r,c .i c - a i m u c - _ a a  v c - ar i . c --’a n cn  -ec -.;t i c - ’c - ,_ a c - t c _ a c -  of  t i c - c - c -c- c - ; y _ a _ a c - c -c- - c . c- c - a t c - c- t - , f _ a c - c - c - c -

the d c - _ a t  c- c- cor_ a_a’cc- 1c-n ,i c - _ a c - ;  c - c- c - c - a c c - _ a l v - ci v_ ac -nc- i c - c - i  I c - _ a ;  (3) c -c - c - c - _ a - i ’  of “ c c - c - c - t  i c - c - c - a l (
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C L i c -c- - c - a c - c - c - t a c - c - c -  to O p t i c - c - c - z n -  h i _ a  b - c - i c - c - c - _ al _ ac - c -_ac- . c-f [_a n- 9 C c - c - c _ a_a c - c - c - I. (_ a c - c - c i c - L’ C c - c - S , i O c - _ a S  i cc - c-c-
thcas c- c- c- c - c - ’ c - c’_ a c - , c -1 d ec - _ a - _ a _ a c - Ls dapeic-ci on [Ic-cc- systec-c-c- c - c -  c-_ ad ta_ ac-k c-ar c- c-i arc -c-

d e t e r _ a c - i n c - n - c - !  c- c-c-.c - c - _ a o c -c- c n i c - a c - q  1, - i  c - c - c - c - _ a l  i — d e i i a : c -,-d r u i n - c - a  1- c - - a l v i a ’c- cj ac - _ a

c- c - a c - _ a  c - c - ’ - ’ c -“in I c - _ a  n- u t ,  c - c -’ ta za t c - o i _ a p c c - c - P c - _ a n - c c - .  c - i c - ic - c- c - c - o l u I c -. L cc-n to tc-hc-

c-~ i m I c- _ a _a t t a l c - c - c - c -  p a - c - l .a icc - c - a I c - c - c - c - c -i ( i c - c -
’ a c  -c- c - c -_ ad . i c - - I c - i n_a c - c - ;  o ,F t i c - f l  c- - - 

- c - I  e Ic- e 1 c - c - ,  c- c - c - _ a ]  —

i n - c c - c -c- c-c-” . - c f o c - ’ c -c- _ a . c - a c - c - - -_ c - _ a I c -r t i c - a tc- i , c,a c - c -  of I i _ a c -c - _ a s y c - ; t c _ a n c -. Pi ’ c- .c- Ic -c - c - _ ab . i , l c-i. _ a y  cta c- c - a c - ; i I , .; cc-c-

of c - c - l I  c - i l _ a c - I c -c- c - c - c -  c-c - c- c - r t a  c - U i - _ a _ a  ( s t - n t _ a c - c ; , cc - _ a c - Lp c - c - LS, c - c - c - -c - c c - _ ac -’c-c- c - c - c - _ a’o]n;) c - c - i c- c ‘ c - c -. _ a m c - c -- c - ’ c- a _ a , c - c - c - i

c - _ ac - c - 1c- c - c - c -_ a c -c- i c - c - c - c - s  o f  t i _ a c - , ,,, c - c - l caa c - -c - _a c-c- c-i l , 1 i  T c - _ a c -. _ a c - c - a _ a  c- c - c - c - c l  rc - c - ac- _ a c c - r n _ a _ a: c-]_ac-_a \ ’ i c - c - l c -c-iO c -c - ,c- a

I c - c - c - c - c -  c - c - c- c - u _ a ’ -  c-_ a_ aL L i c - c- c - I c - c -. l .Pc-rt ,-cc - _ a r_ a - c - ’, i c - c -c-c- _a c c - c - c - n c - c - ac- I c c - - c - _ a  01 1 I c - c -  c - c - c - c - c -c- c- c c - i  c-- cr ’ c - a

( - c - c t  I m c- I_ a _ a c - a c - c -nd  n -c - c t c - c - c  c - t i ’  c - a c r c - u t - c - a  c - c - c - c - a  c - c - i c - c - _ a c -  I c - l ’ a c - c - ;,i c - _ a  P c-c-c- - c - _ a c - c - _ ac - f c - c - _ a’c-c:ti a c-c - n c - a

0 !  t i c - c - c - c. c - P c - i  n - - c -c - _ a _ a c - c c - c -Nc- i i.oc-’c - c - ; - c - c - c - c - _ a c - n - c - r f c c - c -c- c - _ a c - c -c - - c - i u s i  c- ’c - c - _ a  c-n -c-c -V -_ ac-i’ 1._ a c - a c - c -c - ’ I c - a n - -

c - c -  c - c - _ a  a I I c - c - c -  a - c - t i c - . r c - i _ a  , f t c - c - _ a  a ‘ c - c - c - c - c - c -  i c - i l  n - c-; c _ a c- c-_a I I ‘_a ’ I I  a c - c -  i c - c - _ a ( c-
c - c - -c- - in- c - c - i  c - c - a -c - _ al -c- c- I c - c - _ a c - c - c -  -

I c - c - a -n - c- c- c-c- c - c - , I
c- N- . - c - a i _ a  I , - ,c - c - c - s - a - - c - c - U ’ ” o n  _ a c - c - i i c - _ a c - c - t _ a c - I i c - c - c - _ a  vc-c- - r a i c - c -.n (c- I N c - ,-

c-ic-c-c c- P i i , c- c - c - - c - c - c - c - c -  I I _ a l  - I c - a c - c -c- - - — c - c -c - c -c - )

‘ c - c - c - - c -  c-~ Ii c - _ a c - I  c - c - c - i l  i c c - i  c- c - c - i - I i c - c - c - a I c - - .c-c- , - c - c -  c - c - a c - i ,c I _ a n -, c - I a c-~ c- [ c - c -  c- a - c - i c - c - _ a c - c -c - c - c- c-

c-c- _ a !  i - I  c- a c - c - c -  c-c- c- c- c -  c- i_ a c - - c - i  c- - c - a c - c  -. - l  c-c- ’ - - n - c-c- c - c - c - c -  c - c -c -; c - c -  c - “ - c - ; -. a i c-- c . I I i c  -c - _ a c -  i._ ac - c- c - _ acc -

c--c- c - c - f  i - I n c - c-c- - c - I  c - a c -  c- - - i  c- c -I c - c -- c - i ’ :  c - a c - _ a c - _ a c - i c -- , c - a l  c- c- a c - c-c -
,

- ’ ’ ’  c-_ a c - : c - I ! ’c- c - I  I n c -~ c - _ a -  ( i _ a i c -_ - i c - c - c - _ a c -c- c - r c - ,

c - _ a  c - c - c-c- c - c - c -c- c-t I c - c - c - c -. -’ ‘ c - c- ,- c c- , 1 c - c  -/ I _ a ) c - c -  a c - c - c -  I c- c- c - j ’ c- c- - c - c - c -i - c- c - c - c - c - c -  I c- , . a , 1 -  - 
‘ c - c -  a c - c- L I c - c - c -  - -

( I c - c - c -  - c - a c -  n - I  c - c - I  . , I ‘c - / c - c -) c- c - - I  c - c - c -c - c--- c - a t  c - i c- c - c - c - a c -c - c -  (1- ~ i ’ . c - c - _ a . c -  c - - c -  c - - i  i c - c - c -  c- c - _ a c - , _ a c - c - J  c-c-~

i _ a t  c - c  -i c - c -  - c - c - c - c - i  c - _ a c - a  c - c -
c-c-

c- c - c - ; c - c - c - c - , 1 c -7 - c-~~ c--i a - c - - c - ’. a , - c - _ a c -  I a - c - a - c-
c - .  c- ‘ a c- - i ‘ a  ‘I 

- 

-

c- - c - c -  - - a c- - c - - c -’ 
c
--

c- 
c- c- - c- c - c - _ a  , I c - c - /  ) - 

_ _ _  j



B c - c - c - n - c -c - I  c-c-c- c- c . 31  c - c i c - c -’ L c- I , c - _ a - _ a ’  - - c- c - c - c- _a ‘ c - _ a ,. I I ~~
c- c - c a  f c - c - c -

i c - b c - c -  opt i c - n c - _ a c - al c c c - n t .ro]. c - c- c - _ a l _ a- i o f _ a  t~~} _ a ~~~
c- I c - c -c - a c- ac -  c - c - cc - c - _ a c - c - c - I _ c c -ac- c - c - c - c - c - , c - _ a  a _ a c - a  _ a c - c-

h a n - c -_a _ a c - n c --,’c’_ a r c - c -i c-c - c -dv _ ac - u_ ai ’ac -~ c- c - c s. P11 c - s t n - f  c - c - i l , t i c - c - _ a_a c-c-c- h- c- s ic- c- c- c - _ a c -  c c - c - c -c-a; i d - : c - n - c - c - i c -c- --

s u c _ a _ a c -.-ss ic-_ a i s o l at i n g  1 _ a _ a c - _ a c - c - c - n  i i i c - c -i, La [c -  c - c - a c - s  so I__ a c - c - c - c - i c -  I c - c -  -
~~~ 

ar c - _ ac -  c _ a s _ a c - _ a c --

t i n i l y  task c-i n c - I _ a c - _ a c - c - _a c - c - d c - c - n c - a t  . That  is , LI _ a -c - . _ a c -c- . _ a’ c-c - c - c - c - c - _ a’ L c - rs of t i c - i s  c - c - c - c - d c - _ a l

t h a t  desc r ibe  hu m_ a c -n 1-i c-c -c- i t c -c - t i o c - _ a s  do no t  V c - c - Ic- 7 a _ a i c -j c-c-c - i  1i c - c _ a c - a c - L ly c - c - _ a. i c - _ a c -

vehic le  c-l y r c - c - c - c - ; i c c - a  c - c - n - cl  f o r _ a l a _ a c _ a  f u c - _ a c  [ .1-_an N . c - _ a d  c - i c - i  t i c - : ;  c-a c - c  -i o n _ a  c - c - c -c c - i c --c-_a

und c_ ar i y i n c j  i i na c-sa r c - iz  i n_ a ; a _ a s u a _ a c - t c - t c -. ions r _ a c - c - c - ; c - n  i c - c -  v_ a_ a c - lid c - c - _ a c -_al so long a - _ a

the c c - p c _ a r _ a c -  b r  is m o t i  c-c-c- c - c - t e d  to c - c - c - c - _ a i n - _ a c - c -_a a t  ic - -is i c- ic - c - _ a c - i t s ,  in  t h c - _a- :-

cases where perform _ac-rice does not degac-_ac-de subs t a r _ a t  lai l y when 1:_ac _ a

operator does not devote hi, s ful,i energ ies to the t ’ c-c-c - sk , tic -c - c -c -
pa i c - c - c - c -r c -_ a nt er values ad opted by an op _ a- c_ ac -  I_ c -or c- c - c -c -ill ic -n_ a a l l  I c - L I _ a - _ al c-c - a c - c- . -i

depend on sub j ec t i ve  f a c I _’ o rc- ,c- ( s uch  as p s y ch oio g  ic- cc - _ a l c - a c -c - _ a t )

however , in t h e _ a c -c- - cases ~.c - _ a _ a r f o r r n a c - c - c n - c -  _ a c - r c - c - d ic - c t  ions using t i c - c -  c-c - c - c - _ a i - c- i

w i l l  rn -pc-c-ain r easorc-ab lc  cc -nd the  n_ an -de l  i t sel  I can ic -c - c- u_ an-c-i to

determine c- c-n a p p r o p r i a t e  r c-c-ing cc -a of o p e ra to r  c- , c- c - c - l ’ c - c - a c - _ a _ a -’[c- rs (Le c - - i  c - _ a ,c - a c -

E] . k i c -_ ad ac-c-cl W_ aa rc l , 1971; L e v i s _ a c - c - c -, Bc-c-c-c-on an_al Jun k_ a_ ar , 1976)

c-I c -c-hen the  cI_a cn- r c -c -ct cr l s t i c s  of t h e  d i s p l _ a _ a- c- - c c - c - c - c c - cc - - c - c - t a r n - i  n _ a - c - c - c -i—

puic-ator are c ha r c - -’; _ a c-d , t h e  c - a _ a c - n - r n - n c - i _ a  in ti _ a c CIT-i j c -c-a to n _ c - _ a _ a c-i - c- c - i  t h _ a  c-c-c-c _a_ a

c-hang_ac- .; directl y ,  c--c-here pc-c-c- c-a a.aibi c_ a , rc-c-t’l_ aor t b _ ac -n tc --, c- c-a c-ic - j a m _ a t  c - - c - c -
c- c - c - - -

c-_a-c- I c c -_ a s  of t i_ ac  c - c -c - n - c-c- ic - n i Zi c- r_a_a nc-i c-c - c - _ a g  to S _ a c - _ ac -c-c- c-c- Oti ’_ a c- r u i c - c - c - : ;  ~Jc -h -j h c - c - ’

b-c c_ a c - _ a a c _ a c _ a c - a l  i shc ’c-cI I c - c -  t he  c c - c - c - c - c  of  vi , n c - c - c - c - i  t l_ a _ a c - _ a ’ _ a I c - _ a’c - l , c - l _ a c  (K ]  c - c - i  c- _ a_ am _ a : ,  c - c - c - _ ac - ]

Baron , 1 97 3) a c -_ ac ] , n _ a c - c - c - r n -  r e _ a c - c - - c - a l  1~~ , i c - c -  t i _ a c -  cc- c - c - c c -~ c- cc - f c- c - c - a ’ c-t i c - c - c - l : c - c - ’ c - c- _ a i _ a - _a c - l c - t c - c - -’

d y c - c - _ a c - c - r a _ a i c c -- c- ( L c _ a v i a c - n - n c -  c - c - _ a c - c l  i _ a r c - a c --k , 197 111 ) , c - i c - i c - c - ’  a ‘ c - c - _ a c - I t  c - _ a c - c - _ a  c- c - i c - c -c - _ a c -  i c - - c -; i c - c -

th cc - 1 c - i  lob ’s descrc -c-b~~c - _ a c - _ a  I u : c - c -’ [ c - i o c - a  C c - c - c - i  c-c- n- c - n _ a t  a c - c - n- I _ c - c - n - c - _ a  1 c - n ’_ a ’ c-,, c - c - [  ‘ -I
as c-n ra ou tc - p aa t”  o f  t i c - c  Ct _ a- _ a . T i c - i c - ;  c - cc -~_a S c -  i t u c -  nc - -c - c - n f c -, c - c - c - c - l c - c - _ a ’~~ ’”c- I _ a c - i ci .i I f c - c - _ a c -’ c - _ a _ a c

fr—c-_ac- t h tc-c- cl - c - c - c - _ a _ a c - r i  b i n ; fun_a_a 1 ,_a cm a _ a _ a c - c c -  c ’c- . c- - - c - I a  c-c- _ c - _ a c - i  c - _ ac - - c - c -c- c- tc-~c - - ’_a 1- - a c - u i  I I n a c- c-
’ _ a - c -  c - _ a c- - c-a

i n  i- ’ _ a ; c r i l c - i r c -g ft c - n _ a c - i c - c - _ a n  c - c - a _ ad c- c - c-c-c-c-c-_ac-_ a c - _ a c - c - c -’ cc- c_ a ‘ c - c - c -c - c - c - c - _ a  i v  c c - c - I c - i c c - c - a c - a c -- c - I  ( c - _ a c -’

, J c -c , i c - i  1~c c - c - _ a  c - c - c - _ a c - i  c - - _ a , c - c c - _ a 1 c - c - 1 c - c - c - _ a c -c- , 1 “) c - l l

c-c- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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c- c - c -
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- c -

~~

Bc - - I c - O f _ a  c - _ a c - a. 
c-

- c - I  ~6 b .c- i _a, i’; c-, c - n : c - ; c - ,  I c-c -n d I- c- c - c - - c - a c- c - c - i i c -~~~~.

In  t i c - c - c -  cC _ a - _ a , t i c - ec - c-c- .i c - _ a c - c - _ a )  c-c- cc- c--cl _a, o c - - a c - c - P c - c - i c - c - I c c -  1 - c - n - c - c -  c - l o s _ a c _ a’ , ;  _ a _a c-~~

c- c - a c - c- c - I c - c-l. f o L ’c - c - c - _ aa I c - - n  t i c - c -c-_a c - c - a  c- c - ’c-, c - ) u c - a  icc- n- c-’ c-~ c- . i c - c - S~ _ a c-c - _ a , c - Jc- , o c - c - -. ,c- c - - c- _ a c - a c t  c - _ a c - c - c -c-c _a f c - c- ’

c - - c - i c - c -c- I c - s  d i  : a c -  i c - c - - c-
c- c - c - i  t, a - c _ a c - c c  - _ a c - i , l o L  ( ic - c - c - ic - ;  i _ a  a _ a c - _ a _ a _ a c - -  c - c - a l  1 c c - i c -c-

c- c- c-c-_a) c c - c - c - cl

the  cos t_ a f _ a c - c - _ a c - c -  L i - a _ a c -  I _ n -  - . ‘ n - _ a - I  c- c - _ a c -  I, z a ,_ a c -c- ( c - n - - n- c - c - c - - i n - c - c -c- ) , ~c - ’ _ a c - c - _ a n-C _ a - _ a c - c - _ a c - c - c - c - t a ;

t’o ch c - c - t a c j c s  i c - c -  57c-c-c - I  c- - c - c - c -  c - _ a _a c - c - c - - n c - c - c - c s  c - c - c - a : ;  f - n - r c _ a j c - c - - _ a  f c-c -_ a c -c - _ a t t n - i _ a  c - - i c -  c - a c - c -c-c - c - _ a _ a  v i

the so] oh cc-c -- c- to c - c - c-c- - c-- c - _ a 1 , I — c - V - f i c - c - e d  0 c c - I ’, i :_ a i z a t , io c -_ a  p _ a c - c - h I _ - c - c - _ a  [ i c - c - c - I  c - c - c d  . _ a t ,s

c- a c- loc -aed c--fo _ac- ,c - n c -  s n - l i _ a l t o _ a c -.

An n-the_ ac- feature of the  0cc-I is tic -c -c-t a s i m p l r_ a  c - c - n c -
c-
i e f f e c t i v e

model for r emc - c - _ a i c -’c - t  cc - s i n c - o r _ a c - c - c - c r c -- a I_c- c-c- c- cl . Th i s  has  j ’ c- c c - _ a c - c -’c -L t tn -c -I a c - c u r _ a _ al c’
pr edic Lc ion s  of r n - _ a c - c - _ a c - a _ a t  a c - _ a - _ al , therefore , per  fo rrc -c-_ ai :’c - cc - c . c-fern-oven- ,
the  i n te ,r f c c -  c- c - c -nc - c  rc -c-c -_ a .c-] cn l ( L e v i s c - c - n c -  e t a  cc-i . , 1971) _ a n l, i c-c - c-- c- - cc - fo r  a c - c - u r ic-c- _a-

rn - c-c-c-rc -ant prt_aac l ic -t io rc -  ic - _ a i c c -u i t i . -- _a’i c-c-: ic- s t a _ a l _ a c - ;  t h a t  c-In- c-_ao l_a i c-’c -v o l v e  oc- c-’c ’ c - ’t

s c a n n i ng ;  b eca uc - a -c --a of t ic -n - close cc _ a c -c - c - _ a c - cc  l i o n  b_ a I c - c - c -c -n -en a t t e n t i on --
s h a r i n g  ac-c-cl sc-an n_ ai r_ ag, i t  i_ a c  - p O S_ a l  b i n -  t ic - c - it s c - a c - _ a c - c - i c - a c - _ a  c _ a - c - c - ac - c - c - c - n t  C c - a c - c -

also be predic ted a c c c - c - a c -;~c -t e iy .

The pr c - b i . c - c - _ ac-- c - c -c - - c - _ a c - _ a t  t o _ a _ a c - _ a c -c-i ic-c -cc- _a- a t  o ft c - c-_ a ic - c - c o n - c - _ a c - _ a c t  i _ a c - c - a  c-c - c - .c- Ic-h ti_ a c - _ a n-c c - _ a - _ a

is the  sei. -c-c c ’t c- i oc -_ a of a cc- n -s t  l u n cL i c -o c- _ a c - _ a _ al . In c-apply jc- n _ a c -~ l ic-e c - c - c - c c - dc _ a  1 t o
p r _ a n d _ a  c t_ac- p_ a- _ ar C o _ a c - _ ac - _ a  “c - _ a _ a  - - , i t  s c-I _a; c-,;ua  c - _ a- - c-i L i_a - .c- L t h e  h _ a c - a - c - c - c - c - c -  o_ a c - . ,_a _ a ” c - c - ’[Q_a c - c - -c - i l I

jc -_ a -r fc_ a rm the con Ic - a_ a l ta _ a _ ac - c - c - a n c-a to c - a c - a t . ,i~r ’c - _ a  zc - - a q u c - c - c - I i ’ c - _ aL ic- _a ’ i c - c - c - c - -, c - L  c- c - _ a c - _ a _ a

of tic -n - s y c - ; t c - _ a c - c - c -  v a _ a c - i - a I,c l c - , _ a ; . Thc -i c-c- f u c - _ a c h i o i _ a c - _ a] is c l _ a c - f _ a c - c - c -d n - I c - j c -- c L i c - : c - l ’ c- c-

l y s c - _ a  -c.i c - [ y l c- a c ; rc - c - c- , c - _ a L c -v ,_ a c- c- c- fl _ a i t _ a i c-, c-c- c f cc-f c--c - c - c - c - ’ i o c - i s  c - c - y n I c - -c - c - a n - c - n c _ a c - c - c c - ;  t i c -  i c - c -

n a f _ a c - _ a c a  I f i c - _ a c - c -  t i n - c -_ a  i n c - c - _ al c-- c_ a s c-a c _ a c - c - i c - c -c- I c - a  L a c - i c - c - c -i y c-_a c-i c-c- o I t i c - -  - 
c - c  - c - c c - I c -  1 cc-c - c - . t i c -  c- -c - - c - n - n - n

oc -_ ac c - c - - c - c - c - a c - _ a c - b  1 _ a - , - c _ a c - c -  c-c- I _ c - a  i c _ a  c- c-c -_ a c - L I _ a _ a c - c -- c -  c - c -, c  -ca_a c - a c - ic -ic-n-i 1. _ a - _ a c -a c--c- I I I opt’ .i nc - i  c-c-c
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Pc-c- - - c-c- c-
c- t I - _ a _ ac - - 31 46 c - c- l _ a  tI c- . a c - c c -  c -c - ’ c - l  Ic -  c - _ a c - ’  c- c - c -  I c - c - _ a _ a

c-c-n a l y c - _ a i s ;  c-c - h  at  i r _ a t c - c - r — _ a u b j c -.c - c - c - I  c i t  Ic- _ a _ a _ a c - _ a  c c - c - c - a , c - c - S _ a , ’ - i i  c - c - c - c -  I c - i c - - ’ c-b _ c - c - c - c - - I c - c - - c l  i c-c-

c- _ c- c- c- c - c -c - c - b r c-c- c-’ it i c - j n  i c - _ a c - i _ a  n - P l c - a c - _ al _ a_ a , c- c - n c - I c - c a _ a c - c- rc _ a_ ac -i :1 c - a - c c -  cc-c - f  ci c - c - c - c -  I I _ c c - c - i c - a
r n - c -c - c - c - n - c - c - s c - -  e s _ a - _ a c - c - b i n - i  ly i c - n c - _ a a _ a s c - a ib l . e ;  the  c - _ a c - c - c  a u t _ a a t j c - _ a n -c - c - i i o f t  ~ c j c c - c -’c - - c - ’_a c- c c - I

linear c- c - c - _ ac- _ a _ al l /Sic- s  t c -_ ach n iqu c s  ; c c - c - c - cl , finally, b _ a c - c - c -b c - c - i _ a c - c - c - cl c - L .i on c - n , c - c - c - - c - i c - a

f r _ a c-c -_a ; c - _ a _ a c - c - t l y  d- ’c - q c - _ a rc-c c- c-’c - c - tc c - ic-c-ho a ~c- f j c l c - _ a i . I , - ’ - c-’ ’ c- ; c- c -_a c - c -- n c _ a  I _ s c- c- ’ . 
c - c-

On ti_ ac-_a oth _ ai r h _ a c - n _ a l, t b _ a c -r e  c - c - c - c - c  s c - c _ a _ a c - c -c- s c  r _ a c - a c -~~ cc -c -n - I i c - c-a I. i - c - c - ac - ; f e c -c--

s i m u l a t i o n  c-”.-c-c- d _aa l,in cj . I f one c - - c - _ a _ a c - a  I _ _ a n  to i c - _ a I _ c - o c ; c - c - c -’_a t c-c- c -c-c - c - _ a c - c - c - u _ a c -I n - c c - c -c - In c - c -c-i, c-_a,’ c - c - i c - c - ] ,

c-c-;ith ano ther  mod_ac-] t ic-is c - c - i l l  o~~I_ cc- n r e a c - ac-_a
c -c-c -n - c - a s I c - - c - _ a c - i c - c - t i n - n  ic-c - c rc - c- c-~; c - c -~~c - —

tc -.c - tion - Certain type _ a ;  of c - c - _ a ’ _ a I c n _ a _ a n  or n - p a _ a _ a c - c - b r c - c - c - ac- _ a inc-,c-n i I i _ a c -, c

no I be c - c - c - cc - c - -c - c - _ ac - bin - to lin en -rica_ ac -t ioc-c- techni c_ a , c - -c- - c - ;  c- a _ a ’ c - , _ a  c--c- i i i i c - - d c - c -  b r _ a  s I _ c - c - c - c - c -  I c-c-—
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n-: T i c - i n - L i o n  of m od e l s .
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1 - _ a n - _ a _ a _ a c  -ac - I _ _ a I i  a . 3 -1 1- 6 1 _ a c - c -  I t, LI _a_ a c- —
~ -c - c -~c - -c - c -, c - a  c - c - _ a c - c l  I c - c - ’ ’ . ’ c-’ c - _ ac-’c-a c- ‘[ c _ c - a .

t c _ a c- a _ ac - c -  j c - c-
~~~ f _ a _ a c - c - c c -I i _ ac- _ ac - S s i _ a c - I _ I c - c - n  to L1 _ a c -~~~ c-,c- o l c - c - c - a- a c - c - i l  - _ a ; c - _ ac-a r c- c-a c- c - i c -c - i s .  I t

c - c - i c - c o  i c - n - c - i n - b -- c - I  cl i i c - c - c - - I  p c c - c -’ _ a _ a _ a c -c- c L i . On c - c - f  ~~ c - _ a~~~i~~~ . _ a  h a  c - _ a - c ; n - Ic - d i n - c - c- t - n - c-’ c-r c- ,c-
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j r a _ j , j f f c - c - _ a ’c - _ a c - c - c -.a _ a c  - t , l _ a c - ’c-.c - _ a h c - _ a l c - i s, an - t b  cl~ , : c - b .j c- c - c - c -  c - c - n c - c c -  c-l i t _ a _ a c - c - _ a r  c-c - c - ic - c c - i a ‘ c - ,  ‘c - _ a c - b

s _ ac - Lu r c - c -~~ion elc,_ ap cc - c - c -_ aL c-; ) . rjc-~~ _a c- _ a_a c - c- c - c - c - _ a c - ;c- _ a L c -. _ a r s  n - I  t i n e  “ a c - _ a c - c -I cc -b c - c - c - l o t ”

c - c - c-c - i c - c -  v _ a c - r i d _ a  un t i l  L b _ a c -  s , i c - c - c - c -. a i c - c - t i o n  Ic -c -n -c - i c - c - I _ a _ a _ a ’ c - iPL i I c - c -c l i_a- c-c - c c - c - c - n c - c - a _ a -c- .; t i c - c - n  I

c-c-c- c-_ are c-julIo z;iiac-ii_ ac-r to tIc -o_ aa-_- of ac-b c - c - c - i p i lo t _ a ; - c- J c- I i ’ ~~ c- c - c - _ a c - c - I c - i ,  c - c - n c - _ a _ a c - _ a c -c - i
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c - c - b c-_a X , c - c - _ a c - _ a c - I  i _ a c-- - c - _ a r  n - n - c - c - t _ a c -c- c- - c - i  c-,c-~’ _ a ; t ’ c a n c - a
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c
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-c-- - - - - c-~~~~~~~~~~~, .~~~~~~~~~~~~c- ’.”c-c-’,c-, c- ” c-c-c-—’c-c-- c- _ - - ”-’ -’-_- c -— —--c - ’  c-c-’—, c-c
-.

i’ _a c- , d c - _ a c - r l  Ic-b . 34 - ic- 6 c - _ a _ ac - l b c - a r c - n c -b :  a _ a c - _ a l  b - c - c-c- - c- c - c - ” ~~
c- i n _ a c-

C ic -O S S  _ a c - ’ c- c - c - I c - c - a. On s t o t t  _ a _ a I - c -  i _ a c - c - c  c l c - c - a _ a -  c - c - c _ a c - n - c - c - ;  , , ‘ c c - t  i.c - ’ - t . ’c- ’ c-n - ’ n-n  _ a _ a , - i c - - i  c - c - _ a c - c c -

d c - c c - c - c - - n c -I __ a  - ,_ ac - ’n t’ :c- i d a b _ a c -, t_a I _ a c c u q i_ a b c - c c -  t c n - _ a u i t c - ’; c c - i  c - c - _ a - c - c -  i,n I __ a c - c -- c - _ a c - i c - c - c -c-c- c-c -_ a c-n - i. I c -” - ’,c-

re f c c - ’ c - _ a n i -c-c- -c-c- c - a pp a o c - ar soc -c-c -_an--c- c - ic - _ ac- t  m i _ a - a c - _ a c - I .  ic- c - _ a -’c - i  c - c - , t i c - i c - a  n _ a c - c - _ a l_a_ a l rca l i e n- t n

ti _ ac t ic -n -c -_ ads in a c-_a c-dy tic rn a ode l  i. n c - c - j  , c - a c - c -  c-’t i c _ a c - l a _ a ’  I y t i c - _ a -  u _ a _ a c- - of f i  c - -c - c - c l—

f ccrm p i iot c-  n c- -abn - I, s Wi t _ a h p c - c - i c - c -c- c - _ ac - .  c - b . c- n c --c- c - c - _ a c - I n -_ a I _ c -c-cl to  o c - - t i c-mi  Z n  c - _ a _ a c - n - ’- -

p e r f o r r c -_ a c - an c e  c r ib e r io c -_ a.

We c_ a lose  th .i . s c l i s c us s i o c -_ a  by c- ’ c-- c-_ a c-. .’c - c - c - h c - c - _ ac-c- izi c - _ ac - _ a thcc- c - _ a  i ntc- I_ c-n c - - b _ a c - c -

an a ly t i c  ni— cl c - is , t h o u g h nob c-level c c - c -- c -i b _ a c -c- c- - a i c - c - c - u i _ a c -  b _ a c - c - a c -  c - n -~c - c -’ c- c - _ a c -c - c -_ a c -,; ,

can sc _ a rc - c -c-c-- c-c-s t i c - c -- b as i s  fo r  s i c-nulc-c-t i _ a c - c - c -  c - i c - n - c - i c -c- is  . c-c- c- c - c _ a  Ic - c- n -c-’ c-_ ac- sc - c - c - c - _ a c -  t l _ a c - i t

c-c - c - c - c-c -_ ay sin-ui— I ion rn _ ac - c - lo i s  c _ arc -c -- Joy t r a i _ a s f c - c - r  f u c - c c  t i c - c - i _ a s  t i _ a n -  I a _ a  c - c-

s ir n i iar  to the  d e s c r i b i n g  f u : _ a -c - _ a b ioc - ic- c _ alevc - c-_ a1c - c -pc -c-’_al i c - c  _ a _ a u — a _ a i l i i _ a c c - ; c - r

t heo ry . ( T h i s  is done hecuc-c-sa tb- _ a ’ f o rm of the  cic - _ a _ a ac - c -c - c - ii c - mn - c i I c - c - a c - n - h — ac-

is r e a c - c - o a c - c- nb i e  an_ al  d espi te  the  fac t ’  t h a t , f r o m  c- c - t i _ a e o n _ a c - _ a  i c c - c - i  st  c-c- a cI~
p0 _ a t _ a, t,hL- dc_ascri,bin c-’j f_ ac-nc Li,on,c- c-a rc-c- c- _ a - c - c -b strictly va l  ic -b  Ic - c - c t i c - is

purpose) . I L  should a lso  be c - _ a c - c a t i o n _ a c -cl tic - c - c -h tc- h ca Opt i c - - a c - c - i Cc -’c c-c- ’ I ’ c - ’ c - c l

I-la_ac-c-c-c-l , dcsc ri i, _ a c -,_- _ a l  c - c - c - c - r i  1 i c - n  , c - n - c n bc_a us_ a- c l  as a s i c - c - c - ui c -c -t in - c -- c- c- c - c - c l _ a l

(K le inc - - : , c - c - c - i  n -nd Pca n l _ a i n s , 1 9 7 4 )  . c- c - c - _ a c - c - ’  s i c - c - c - u i _ a c -I c - t o n  Vc - _ ac - n c -; i c c - _ a a  u _ a  Ic - c - -

OC I-_a r n _ ac - J o _ a c - c - n - n - selection of c - c -  p c - c - r I t e _ a c - i c - c - n  r . c-c-l i  z n - t i c - c - a c  - c - f  b c - c - c - ’  V ‘c - I’ m — c - c - c - c -

soc -c - ic c -c-_ a s  ajf j c - ic -obl c
- ’ rc-c-rc-d oc -c-c -c-_ ac_ a;c-a ( bot h c c - c - - c - at e _ a _ a n -c-c -cl i _ aur _ a -, , c - c -.c- ) to gc’ c - - .c- n c - a t _ a c -

t h e  c-’c- , i n c - u l a h , i o c-_a “ h is t o r i e s . ” Sic-c-ce t b_ a _ a c - ac - c -c--i- -1 in c - c - tc- .i c - _a n - -—- c- . k c -c - c - _ ac -c -ic- c -

model c - c - c - _ ac-I ac-Inc- i Is I i c-c -c-_ a_ a— va c v i  c-c- cJ i c - c - c -  c- - c- a : , c - c - c -  I c - ’ ’rs , c-i. I Cc-c-c-l b_ac -c _ a u i. t Cc - c - _ a c -  -a _ a - nc-c-l

in it_ a ; si. nm l riIi ,on eZ L _ a c -a a sio c - _ a c - - c - c - l i l ac- _a n- ,- t c - c - _ a i i c -  i _ a c - c - _ a  fc c- c - c - b c -c- c - a c - _a c - c - -c- c- i f i n - b

c_ a c - _ a ri icr . On I ic - c - n-ti _ ac a ’ ic - c - a c - c - b  , ‘ c- qc - -c - c - c- cc - i I i cc-a c- , i c ci c - _ a c - a  c - i  c - b c - n c - c -  c - c - - c - s  I c-c- c- c- c- I

ti_ a r 0C c - Il i _ a _ ac - s c-_aot i c - c- _ a c -  c-n-c- I i _ a l  I i  n- I ( a a - : l c - _ a ’  n i a c - c -., _ a c - _ a b c- 11 y -

2 .  . 2 I c - c -c - c - ’  c- l  c - a f c - c - c - ’  c-c-/ i _ a c - c - a c - i  I c - c - c - _ a c - a i i c - c -

i c - c -  I I c - c -  - a , _ ac -.c- c - c - c - c - c - al c c - c - a d  c- c-c- I I i - I c - _ a  c - _ a c -  ‘ I _ a  c c - f  I I c - u  j c - c -. _a c-c-c -, ‘ I c - c - a

c - c - i _ a c - c - l  y c - -a _ i c - _ ac -c -  c-i a _ a _ a l  c - c - c - n - c - lu I i c - c - - ;  c-b c - _ a c - c - ,  _a 1 c - cc - ’ c - c - a _ a _ a  i c - i .  c- i c - c -  a .  a c- i c - c r i c - c - c - c ’- i _ a ‘ ‘ c - c - c -  c- bc  -- -

I c - c - _ a  t i c - n  n- i n c - c- r - c - i t  c - c c - n c - I  a _ a c - ]  ‘ c - c - c - I c - I c - c - c - c c -. / c  -I c- c- c-’ ’ , l c - c - c -  c - c - c- - - c - c - ’ - c- ‘ c- c- - a - - c - c - ’
’

c - I - c -t _ c - i I ’ c - c - a c - c- c - ’ a c - : i _ a a t c - a  c - - c-c - i c - i a  a c - - _ a _ a _ a c -_ c - c -  I c - c- c- c - c - n - c- _ a c  -c -‘ ‘ c - I ’  ~ _ a c - , t c- c - c - c -

— _ , , . c - c - c - c - c -  _ _ _c -_ c- . c-~~~~~~~~~.c-_c-,c-c-c- ,
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R c -c- a u c- L N c -c - _ a . - 1 - 1 6 ic - c- c- I t  c - _ a ,’ c - c - c - _a _ a - - I-c- -c- c-c - c- a l  I - c- -c- _ ac - n c - c -  i c - c - c

p c - a c _ a c - c -  I c - _ a  ( s _ a _ a u  Ic - a c - c - n c- , 1 c-c- 72 , f - _ a _ a r  c - a c - c -  c - c - c - c -  c- 1c-c- ’ c - ,  c- c-; o _a. c - c - S i _ac- _ a c-, i _ a c - c c - _ a  i c- - t i c a c -

o f  c - c - i c - c - c - a r c - c - f t  e y c - _ a — c - c - n _ a c -c-’ c-c- c - c c - c c - c - n b  _ a- - - c - c - ’:- c - ) . ~~ - . c-_a c - ’  c c - c - i  c - c ,-c-slelc-, I c - c - a’ ; . - c -  ‘ ‘ - I n c - . : I ,~
, c - c - - c -

c- i i c - c - c -1
c- c - _ a -  c- c- describing sCn - n c - c - inq b. c - c - _ a c - c - ’ icc- i f _ ac - c - v _ a _ a  _ ac - ’~ n - c - c- s c - c - - c  - c - _ a c - c - 5  a -

models bc - i c -c-c- c their nc - c o t s  i c- i . i c - . : c -c - l ’ ! _ a c - -.i t i o c - c -  t i c - c - ” _ a c - c -y ac - ac - I i _ a c  -n- I c - c-i t i~~~L i c . a i

en I, i a c - c - _ a  bc - ion c-_a rc- b c - I c - - c  is I 0_ ac - t h e o r y  . A l l  the  c-c- c- cc -c-c-ic_al S c--; c- c- d I s _ a  _ a c - c .c c ;  i c - c -c- ’ cc - ’-

c- c-rc rein -v_ac-nt to p u _ a c -c c-- c - c -n c -  i to r i c a _ a ;  prc c-bi ( c-c - _ ac - c _ a c - i c
-i~~ _a

-
’’ ’ c-i i . I bc_ a c-

c- in t i c - n - i  r
theoretical b_ ac- so s c- c- c -_ a c- i in ti_a n degree to c-c-ih l o b  t i _ a c -

c
-,: Cc- a c - c - _ac - i  - i c - ’n- ’ l i_ a n -

e f f e c t s  of close_al—loop control on scannirc -c;.

‘ic-he f i r s t  c-m n - c - _ a t t I c - a  b i v c -,c- _ a c - n - c l n - ] ,  fcc-i c-ic c- c - c c - n i b , i, c - ’c- 11cc - i c- ; c - c - n . n c - a i i n _ a j

bela _avior c--iu _a ; deveio~,c- . c-c i f c - y  Sc- c - c - _ a _ a _ a -  - in-: , ( 1 9Cc- -I , Af .c -_ a ; t r c a _ a t  b -_ a . 12

This  n c- cc- c-b.c-i c--ic-c-s ic- :c- _a-;cc- d on ic-_afo_ a’c - ’c - ,c-t . m oc-c- c--th c-,’oi cb,i C i c c - _ a c - c - c - n, c- _ ac - c - c -t cc - c - lrc-~~l y
S h a n n_ a o n  ‘ s sc - c - c - c -c - pl inq thc - c - ore c -c - c -. c-\ bc - c - c-a l c- c - a s suc. c c - b  i n - c -_ a of t i c - n -  c- _ ac _ ac - in c -i c - - c - c - a c - c

that tic-c 1_ auc-c-_ an -n obsec- ’v er  s c - c - a _ a c - p l c - n - - ;  t i c - c c -  c - c - c - c - i c -  i c c - c - c - _ a ;  S i _ a _ a _ a c -  c- ’ c; c- c- _ a c - c -c - i  c - c - - c -i ( ‘ ,c-]J y

n-nd c - c - I  I n - a _ a n t s  to recoc -is  t nc - c - c t _ a  th _ aa I c- c - _ ac - c -.’ ic - c-c - i c c -t i n - c - a  a _ a c - c -r n - n - c -ac - tc -n - c - l n - c - c -  c - c-c- c-Hi

i n s t c - c - u r c - c - c -c - c - c - t .  Moc -c -coc - ’n -r , i t  c--c - c- _ a ; a _ a _ a n - c - a c - c - c - _ a - c - I  L h n - t’ ti _ a c - c- c-; n’c - _ a n - c -tc - c -r  c - - c - c - c - S

e f fe cb , i c- c-c-c - _ a 1 ’,-’ c-_a sic-_ agie c c - I c - c - n c - c - c - e l  c i c - _ a v i c ’-._a c - n - c - i c c - c - b i n -  0 1  n - I t  c - c - c-- .i i  n _ a - _ a  I c - ca  o c-_a l y

orc - -_ ac- s i _ ac-_ a n n - i  at a t i _ a _ a _ a -c-_a . ‘lc-c-c -itli ic - c - c - - c - s c - c  c c - _ a c - c - _ a c _ a c -I c - I s c - i c - a  cc- s t c - c - .r L .i _ ac -  a c - c - c - i c - c - I,

s c _ a r c- _ a c - -c - c -- n -  was ,c-hi ,c to cl _ a c -n yc-- C c - c -c - c - c - _ a n _ ac - sI _ a _ ac - _ as for t i c - c - c  - i r cc -c-c - c - c - c c - c-_a ’ c- c-c-c-b

du r c - c - t i o n  of  samples  n - I  c- _
a _ a _ a  in s t . r c - c n c - c - - - _ a i I c c - i  c- c- c-

~~c- c - I _ a, ; i n _ a c - u t  n - i c c - c - c - c - I
characteristics c-c- c - c - c - i  t I _ a c-c- r u c -j u i  c-n--cl p c - ’ c c - . c- . i n - i o h _ a c - c f  ac- c - c - c - c-c - nc - c - I - c- c- c - c - c - i c - c  a c - c - I c - - i

p in -c- i ‘ c-_a b. c - c-c-i ciul i c - c - c--i c-l i, t c - l _ a c -,_a c - c - c - c - c  c - n - c - c - ) ’ of sc-c-b j _ a c - c - a  Is i c - _ a  c - c - c - c -  n - c - c - _ a c -c- - i c- i c - c - c - c - n t  c-l

sc - Lu _ ac - tin - c - a, I c - c - c - b  i _ a c - c - c -  _ a c - c j c- ’e c - c - c - _ a c - _ a - r c - t  c - c - _ a c - i c -a c - n - c- c - _ a  c-c-c- c - c - _ a c -  S c - _ a c - c - c- _ a c - c - i _ a ,  I c - c - n t c - c - i  t n - c - c - c - a  c- c-c-

tic - a t it dc- - c - c - _ a - _ a c - c - c - n - c - I  0 _ a c -  a c -c-c -a i q c-c - _ a c -  c - - c - - a _ a c -c-- c -  i c - c - c - c - ’ n t c - c -I c - c - n - c c - l i  t i c - c - c -  _a b c - c - a _a i c - r c a ,

( c - t  c - i l  - , i c - c- c- ’c- )

I c - c- )‘,- c  -c- c - _ a c -  c- , I I a _ a c -  ‘ n - i _ a - c- c- c nc - c- c - c-- _a-  - a c - - c - _ a )  I y c- c -I c- - i  a c- c- I i c - - ‘ c - a  i c - c - c - I c -  i - c -  
~~

- c - _ a  c - c - c - c - i  c- c-

c - a c - _ a - _ a c  -c- c-c - c -  a ’ . ‘ c- c- I - - i c - i  c - c - c - c- I c - c - c - i -, c - c - c -  c -I c- ‘ I ; - _ a  - _ a c -  I i c  -c -I 
~,c- ‘ I n c- c- c c - a  c - c - c - c -  - - c- c- c- ‘ c- - c - c - c  -, c- - c-

c - c c - b c - c - c -t c- c - m _ a c - _ a c, c- c - c - _ a _ a c -- _ a ’  - I I , c -c-
c- c -  c - c - c -c-c- ’ (c _ a c - c - a  c- c - c -

c- i c - c - c - i  c - I c - c - I  c - c  - - c - i c - i n -  c- c - c - i c -c-
c - c - c - _ a c- c- c- c- c _ a  c - a _ a c - c - c  - a c - c - c - c -  I _ a

: c c - n _ a ’ c - l  i c - c - c - c -  c - c - _ a - c - a c - a c - c - i n - c -. ‘I ’ , c - ~’ c - c - ,  c -c- c- ‘a c- c- c - c - c - c -,_ a I l a c - -  c- c - c- - I I l c - c - c- ‘ c - - c -  c - I cc c - c - c - I c -c- , - c - c - _c- c-

c- c - a c - ]  ~~
c- c- c-c - - c - c - c -c- - a c - c -  - - . c- c- j t c - c - c - 1 ‘ c -

- I c- a c - c - c -  - - c- ‘ c- c- c- c- I c- c- c- c- ‘ a c- - c - c c - i  c - c -  - ; c- a c - c -  - c - c -  I c - c  n c - c -  c-, - , c- a -

L .c- c-~~~~~~~~. _ — . c - c - c-c-_ . _ c -_~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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c - _ al ’ . c - c - c c - _ ac- c - c - c - c -- I, ‘c-c - nc - c - c - c- - c- c - c - c - i c - c -  c - c c  -c- c-

s a - c -  a 1 r c  - c-c-_ a - _ a c - _ a c -  c- _a cc - c - c -,- I n c -_ a a , c- c-c- c - _ a _ ac - n - _a c - _ a , oh n-i . ( 19 Ic- 6) c - c a  cc-pus” . i c-c-_a _ac- ;c -c - ‘1 I —

t i c c - c - _ a  ii c-c- .c - ; c - _ a . I n c - _ a - c -  cac’ t_ ac -- c- c - c . _a h_ a c -I c-- c- c- c - c - i d c c - - c- au ] I i c-c- c-c- c - - c- - c - ’ i n -c-I I c-
c -I. - c - c - c - c -c- c-’ i cc- c

i c - c -  t f _ a i n  c - a c - - j . c -’ C c - c - c - c -. _a l i , b . _ a _ a . c- bc -na _a _ ac - n c - c - c - n -_ac - i i c - c - _ac - is c c - _ a n c - c a , i  dc’c -nc - :d as c -c - c c - c - c - c -- c - a c - _ a c - c - c-l

f - n -i’ Ic- ic-
c- - trn-aa ’_a na_ a j ssi cn_ a of di n c r _ a t _ a’.’ n c - e s _ a c -c - i c - _ a c - c --; a c-_ad c - a o l  cc - s ci c - _ a _ a n  c - c - c - a c - i

fo i c - the r _ a c -c - ;r c - c_ a c-ni c-asion o~ a cc- c - c - c - _ a _ a c - I n - b . c -c- t , i ac - c -c funct in-c-_ a. 1c- c - c - e r a, i t ’ i c _ a

:- ‘_a _ a : a c-a~~b l c - c -  b _ a )  _ a c - c _ a ; t c - _ a i l _ a c - t e  n c - c _ ac - r n - cc- c a l , not r c - c c c - _ a c - r s c - c - n i l. y c - c -_ a c - c-tu c- c - i l y  o c c - o1, c - c - s i c - ’_a ,

c c - _ a c - c - _ a _ a  i c - c - _ a_ a St _ a r c - c - t _ a c - qiec-.a (c_ a .g. , c- a c - c - i c - a _ a c - I c - C  c-~c-~f c- c -~a c -  t I n e  _ a c - r o b _ a c - I c - c -.i l i t  c-
i

c- th - c -c- I _ a t i c - c - c-

c - at ( c - c - c - c - i -n - c; c - _ a .c-d~ c- c- I c - _ a _ a c - c c - _ a _ a  ci b _ a-c - i 1 ic _ ac - it i c - _ a c c - a c - c -c-c- te .r ti _ ac -c -c-_ a sn -c- -c - . s u l - j  c c - c - L i  c - - c - c-

c- 
c - c - c - _ a c - i c - c - c - b.c - l i t  /_ anr c si _ a o1. c-I or c-c-- i c -en  t he  _ a c - r c _ a b , c - h i. 1 i ty  Of ( c - _a c - _ a n - n c _ a l  i _ a c - c - c -  t he

b.c-. _ac- i i, t i S  c - c - ac- P c- c- _ a ’ : .i c - _ ac - c - c -  c-_a) ( S c - c - _ a c - -c-Icc-i s , et n-i . , i9 6 6 )

S a c - _ac - c - l  l’.’c-c-_a c- ’_a c - j  (1966) (,‘_ ab _ a c -t ’ rc - c - c at Nc - c - . 1. 3 ) dcc-’c-c- i.o _ a c -c- ’ c-i c - c -c -_ a r c- _ al a ’ ] whi . cc - a ,

c-c-i t I c - c - c - ugh s 1:-c- i ic -_ a r i c-_a sn -mn_ a_ a of  t he  do bc-Li is , c--c - c - c - _ a ;  C c - ) _ ac- c -c- c _ a c - ) t c - c -, c- 1 i y qc -c- ic -ta. ’

c - i c -  f f e c - c - c c - c - n t  I n n - c - c - c -  L I _ a _ a c - s n -  p n c - _ a v 7 c - a c - c - c - c - - ; i y  d c - _ a c - c - _ a c - I n - c - -c - c - c - i . I c - i s  m o _ a l _a c - i  c - - c - c - s  bc-c-s - - c - i

c - c - a c -  I’c- -; c -,.c -urc- c-i cc- c- ’ I y i c-Lc- c-’c- s c - ; c - ; _ a _ a a _ a .c - t c - i o c - _ a S :  ( 1 )  t i c - c - c -  l _ ac c-. _ a a , n _ a _ a  o p _ a c - n c - c - I c -c - c c -  b c - i _a - c - _ a c - ;  I c - i c - c -

s _ a _ a c-c - _ a t e  of i. rc- boa. n _ a c - c - c  -hi n_ a c - a b o u t  h i  5 cc -_ avi  c c - c - _ a c - cc - c c - i  t c - c - p c - c - c - a  c-c-c-n ii_a t . cr c-c- c - i . c-_a c- c-_a l -_ a I

of tic - is e r I c - c - i c _ a _ a c - c m - c - c - _ at , the mo_ ale I Ic- c- c - i c - ac - _ a fo a ’ nc - c - - c-c - l as a r n - c - n - a l  I’ c c - I  p~c - a’at

c - c -
c-
- r n - - c - - c -  I c - _ a _ a _ as of  h i s  e c-_a v ,i ronm ec-_ al; ( _ a )  t I c - c  h _ a c - - c - _ a c  - o c - _ a c - n - c - c - t : c - r  i c-c- _ a c - c - c - c - _ a c - a c

o n - t i c - c - a l l y  c - c - c - tb  c - :c - c- s ’ c - c ’ c -. c - h  to hi _ ac t c - n - s k  c-c- n _al I c - c - c - a  c c - c - i n c - c - n t  s t ’ , c-tc c- n- I ’

i _ a c - m o n c - c n - n h i . o a c -  ‘ - i t _ a _ a c- _ a _ a h i . s p l c - y a ; .i c c - c - l  1 i , c - , i t t ; c - t l o nc-’a . c-
c-

c-
c-_ a c-i _ a c - c - c Ay t i c - - - c - _ a c - c - c - c - I - i,

I’ . . c - ) I c--coo_al c _ a_ ac - n - s further n-c -_ ac - _ a c - c - . c - ’ I . i, Oc-_a _ ac - . F i r~~ I , i c - c-
c- c- c - c - c - n - b c - c - 1 c - _ a t’ c_ a c; c - c - c - n -~~~~

c- , c-

for t h c - ’ c- i: _ ate r rc -’c - l , i_ a c - c-’c - c - I c -’a l  L I _ a c- c-t . d - , ’c - a ; c -. c - n i _ a - -, ’ _ a ;  I c - c - c- c-c - c-c - c - i  c c - _ a n ’s c - c -c - c - c -c - c - c - n - c - I  i c - c - i _ a

c- c-f i c - -c- - c c - c - c -,’i r o c - c - c - c - c - _ a c - c - a t  I n _ a ’  c-i cc a c - c - c - c - c - u n -n c - a  c- ~
c-c-c - - c - c-l i c - - c-c- c- c . . I ’ c - ;  c - c - c - c - ; c - c n -  c - n c - c - I c - c  I _ a  i _ a ;

c- . - _ a - 3 _ a a l i ’ c - c - _ a  i _ a - : tc- nc ass _ an _ a _ ac - c - _ a ii _ a , _ a t t b_a c -  c - , _ a c - c - L I. c- c -c ’ c-’; a c - l c - d  c _ a l  c - - c - c- c -c- h i c - _ a c - a l  n c - a c - a c - ac - c - c c -

j _ a a  c- n c - c - _ a d d _ a - _ a - r o > c -a _ a ’ c - ’ c - I i o c - c -  I a _ a  t I _ a ,  I n c - c - c -’ ’ n - i t  c - c - - c - I  i n - c - c - .  ( I .  _ a c -  t I c - - -

r c - _ a,c c - - _a - c - a _ a ’  ~~~~ 
c- c - c -  t i c -  c - _ a c- I c - n a _ a  f i a c - c - - a  I c - c - c  -c - c - c - c - c  - c - ’  - c - c -  c - I c -  . ) b _ a c - c -  c- I 1 _ a - c - c - c - c -n c - ’  c - c -  i c  -- c- c - c-

I i t  i c  - c - c - i  cc- I” c- )c - c - I ic-- c - c - I  j - c -_ c- ‘c- c-c - c - _ a  t i c - c - c -  I I c- c-c- h c -, c- c - c-_ac- c - c -  c - _ a _ a’ c-c- i i 1 c c - n  , i c- c-t c- c - c  -c- c- _ a  c- ‘ i _ a c -

c - i c - -  - - c-
c- c

- c - c - _ a  c- c -c - c _ a c -  c - _ a c -  c- c - c c -- c- c-c -c-r c- - c c - c c - c - n -  c c - i  t c - c -c--’  a _ a c - c ; t a c-c- _ a c - - c - a c - I _ a _ a  c - c -  - ‘ c- c - c - c - a d  t

I i c - c - ’c- ’ . _ a _ a c - c - ] c - c - , c- c- c - -c - c- l c - c - _ a c - ’n -  i c - i _ a _ a  c - I  I ’ ~~_a c - I j c - c - c - i  c-_a - c -  I c - a t  c- c -c -st c- c - c - n c - a c -- c - c - I  I c - c - c- c - - c - i c -c - c - c- t _ a c - ,

a c - _ a, , c-I c- ’ c - _ a , j l  i t n- I ’ c- _ a - _ ac - - c - c- i c - c - - c -  t I c - c-. ’ c - c - c - r n - c _ a _ a c - - c - i d  i c - c  c - c  - c - _ a’, c- _ a - _ a c- c - _ a c - c - c - _a . T i c - _ a c - -c- , i c - c - ’

c - c - c -c - i t  ‘ c t _ a l _ a c - c-c -_ a c-- c- c - i l _ a c -  c - - c - c - c - c - _ a c - c - _ a c - _ a c - c -c- , ‘ a c - _ a _ a _ a c - c- . c - I 1 c - ’  b . c - a c - c - c - c -_a _a I c - c -- ’ c-n- c - I c - - c - I

- c - I ,  c - _ a c -c - c  -c- c
-c-~~~

c - c -  
.



c- _ a~~_a c- ’ c-c- _ a c- t P c .  b _ a c - _ aG 
- 

1_ a c- c- I I c- c- c - c - _ a  c- Ic-c - c - c - c- _ a c - I c - _ a  c - - c- J _a c - _ a _ a •

rj c- c - c - c- c - _ a _ a c - n - c-_ac-- - c - _ a c - c - c -- c - c - t  i c - n - c - n - c - I  c - , c- - - i c -c- c- I c -a 1_ a c - c -’; c-; .-vc- _ a , c - i  I c - _ a c - i  c-c- c - t i _ a c - c - c - n -  tic - c - b

c - c - _ a c - i n - c - c -  c- c - _a r c - c - n-
c- I c - n - a c- i c - c - I a - a c -- n - c - ct ‘L c - c - b c -c-c - c - c c  n - c -  , ic - _ a b _ a c - c -’ c- c - c - c - n - c - _ a c -  c - _ a t  S _ a _ a c -  I ’t ” c - c - _ ac -n-d ’n-

cc - - c - c - i c - c - i, c- c- r n - i _ ac -  c-c- fc c- i i u c - ’ _ a _ a b c_ a c-_a _ a - c - n - i n - i t  I l _ a _ a _ a  [c -c - l i I c - c-o I n - a c - I c - c - c - l  n - I  I c - _ a c - c -c-

c - _ a c - b _ a c - c - o _ a _ a-u  - Ic- _ a _ a-c -_a c_ a i c - _ a c - c -  i a ’ i c- c - c - i _ a  1 i ir a_ a L ha I _ a i ‘ c - c -  ‘~‘c- c-~~ I c - i c - c- c- I c - _ a c - ,  c - c - cc -  cc - I I c - c - _ a c -  _ a_ a ’ . c - c i _ a c -  I

a c a c o u i c -h _ a ’c - i  for a .- c- c -c’rc -_a A a L i . n - c - c -  1 _ a~~~L _ac-c c-’c- c- .-c - i s i c - _ a c - c - c - U ’- n- c -_ a c--c- - c - r i — u _ a ;  i c - n  i ’b._a ’t t . n - c -’ _ a c

It  i c c - _ a  c l c c - c -r t h c - I :  c-_ a c- I _ a c - ~ x c - c - c - p c - c - i c - _ a ; -’ ; c - c - I c ’  c _ a c - c - c - c - i _ a - c  fur c-c-c-c- i c - _ a t _ a c - - r c a  c - i

i _ a , c- _ a c- ,. _ a c - _ ai , c- c - c-c-c- cc-c-_a c- c - n - c - i  f o r  d c - c - c - c  -l.. irc-c; c - j i l l _ a  c c - c _ a c - c - p t  ~~c-_ a q i. n a -- c - c - c - S i _ a c - U _ a  c--c- i h _ a c - c - c - c -  I l_ ac - -

f r c - c - c - c -- ,_a;’c-’ - c-c - a , _ a c - of  S n c - _ a c - l. I c - - c - -,- . . c-d ’ c-. a c -c - c - _ a c - i c - _ at , bc-c- I h _ a -  c - c - i d  no t: c - c - t I c - _ a n - c - I. to i c-c-c-al _ a c - c-c-

such  c [ t c - ’ c- t _ a s .  A second s i c - _ a c - _ al 1 1 c c - c - _ a c - b .  1 b. c - c - i t _ a n - t i _ a c - c - c -  n - f  I _ ac - a _ a  c-- c - c -. - i_ a_ a O l _ a- i c; i _ a _ a

t c - _ a _ a tc - no_a_an- of c - I _ a c -c- c - c -  tc-c-_a :e c ’ x _ a c - l i c _ a i t c -l y i c - c - i c - c -  c - c - c - n - c - c - c - c - c _ a t  t i c - _ a _ a  i c - _ a _ a c -- c - n - n - I  b o a _ a

i.c- c- _a hc-~_a c - _ a  - c - c  c ; _ a c -: p1. c - ac - ’ _ a  ac - _ a c - _ a l con t in - I i c - c - h _ a c - v t — i  . i c-_a c - c - I t  c _ a c - cc- - c - a  t i c - - - I c - c - cc ‘ c - a c -
c - c - _ ac - n r c - c - I c -c - ;  i _ a c con s i dn -r c -’c-d c-as a c- c - c - n - ni l- cc - c - _a c-niy; b. c - c - c c - c_ac-,_ a _a c - t c o l  r c - _ a c - l c - _ a i  ‘n - -c - _ a _ a -c - _ a c- a

p l c - c -y  l i t  t ic , i f c-c-c-c-y , r n _ a l e  in tic -c -_ a sac I ccl; on of a s c - c - c - ’,p il c - c - c -’ c- St  c - c c -  t . c - _ a c - _ a c-
c-

c- 
-

It  iS f _ a _ a c -c- ’ t i c - i t - _ a  c c - nc- c- ’ I c - c - c- ’
c
- ( ’ ’ -  

c - n - j _ a~c - c - d c - c - c - c - n - l y r i c - a, c - c -c - _ a c -  c- cc -Ic - is c-c - c - c - c c -c - c _ a c - c -  c-a y

tc-o n-ic-c - I c - c - i _ a c -  t i c - c c -  _ a c - c - c - c - ’c - c - c - c l er s  O f  l i _ a c -  c _ a c - n - _ a d , i ,t i c _ a c - c - a c - i l  c - c - n  c - c - _ a  b c - c - - ;  r c - c - c -i . i - ,’ls , c - - c i l l

ic-c-c] u _ ac-a n -  tc - l c- c_ a c _ a f f e c t s  o f  c oc -_ ab r c - o l  . i c - c - i c - _ a  -c- - - n , t i _ a c - c - a ;  is c-W 1 H- d i c -~~ f nc- ’c c-- c - c - tc-

f r _ a ’ ;  c - c - _ a _ a _ a _ a c - C _ a  t I c - _ a _ a  c-._ a o _ a _ a t, _ a ’ .i l , tn -c-c-k i c-_a n - c - c  -at I c - c - c - -c - c - I. I _ a )  c - c -  c- c - c - 1 i C ’c- . c c - n - a c - c - I  i _ a _ a c - c -

L c c - ; _ a c -’c- c - _ ac - o~

c - l . i c - c - I  I _ a c - c- c - - c - - c - c - c - n - i c - a  c._a u a c - _ a a  i c - I n - c t i _ a c - _ a  c- c-c - nc - _ a-- c - c - c - c - c - c - c -c- c- V ’ c - I  cc-c  c-c-s a sc - a c - c - _ a  i n -—

c- c- c-c -_ a rc - c- c- 
~ c- ’c- c-~c-n-c-~ c - c - c - c -  - c - i . c-.1 c_a’ c-) U c - c  - n c - c - c - _ a _ a - _ a _ a _ a  I i c - c - c -  j c - c - Ic c - c - - c - c- t i. - ‘ c - _ a _ a  I n c - c - c - c -  c - c - _ a c  1. y c - c - c - c -

c - i c - c - I c - _ a c -  c- ’ c -_a_a ~ c-a l’ c - c -  b c- - 
c - c - c-c- c- c-c - c - I - c - c -_ c - c c - _ a c -  i s  c-t c - - c -  i. c - c - c - c -c- c- ’ c- - _i tic - 1 1 _ a c - c- c-

c- , c c - c - c -~~_ a _ a r i c-’ c- ’- c - c - t , c - 1  c - _ a c - I c -c- c - _ a c - d . c  - i c - c - c -c- c - I  by l . c- c- c-\c-i S o i _ a  c -c- c - a c - _ a  c - c - t i c - i n c - i  ( 1 1 c - c - 7 ) ,

c - _ a -  c - a c - c c -, - c-c-c-c- i c - c- _a u c-’c - n i  _a c - i c - c - c - n . a  I t n c - a c - - I c -  i c - c - c c -. c - i c - c-L’ a c - a-c c - - c - _ a c  -i c- ’ - - i t  •- ;  c - c _ a c - c -  c-c- ’ , c - c - I  c - c c -  a t

c - c - c - - b c -’ ’ _a ’ - c - c - L c - i c - c -  c - _ a c - c a _ a c - l i t  i c - c - _a c - - c- c - c - i _ a c - c - I c - c -  n c - c - a c - i c - i  _ a ’ c - _a r c- , c - _ a c - c - l  I c -c - c - c - c —c- c- _ a - c - i _ a c  c- c-- ’ , c - c - c - c- c-

t c  -) a c-
c -_a c- _a c- c- c - c - c - c -  ? c -  c-

c- c-~~ c-_ a I I c - n - n a  - c - I c -  I c- _ a ,  - c- a _ a  I c -c - n  “c- ‘ a c - c - c -c- ( a c - c - c -c-- - - c - n _ a , , c - i a  c- c-. - c - c  -I I c - c -  -

c - c c - a c - _ a c -c- - c- , - i c - c -  c- - c- n c - I - I n c  c c - c- t  c - i c - - c - c -c - i  t i c - _ c - c - i .  c- , ’ _ a _ a  c - c-’ I _ a _ a -  a c - c  - c - c - c - c - _ a c - c -

- c-c-_c- - ‘ a c - c -, _ a ’ c - c -  _ a a c-c -c - c -  c- - c - _ a  c- - 1. c - c -  c - c -  i a c - i c  - c - c -  c 1 -  c- I i c - i  c - c - c -. . c - c -  c -I 
c - c
-

c- c - c -  c-c- - 
c -- . - ;  c -c- c-’

- c- c 1 , _ a c -  a .  c c - - c - ” c- c-, - c i  ‘ c - c - _ a c -  I - c - c - c  -‘ c - c - a a c - a  I , c-_ I c - c-c - c - ’ c - c-c- a , c -  I c - ’ 1 c- _a ’ c- c- I - c- c - c -  c - c - c-

c - _ a c - i L ’ ’, i _ a c -  c - - c -  c - c - c - c -  c - c - c -  r i _a
c-

c - c-_a c - I  I _ a c - c - _ a c - c - c - - c  -c- c - i t  i n n  I c - - c- a c - c - c - c- c  - t i c - c- ’

ic - - n c - c - - c  - c - c - c - c - _ a  c - - c - c - - c c - I _ a c - c - ’  ‘ a - c - n - c - - i c -  c-c-
c - c- c - _ a r c - _ a ’  c _ a r - c - -

b a _ a  a . , _ a  i _ a ,  c-c- c- ‘ c- a c- c- c - r c - _ a  c-c- _a i c - c -  - 1 , _ a  c - c - c - c - c  - c - -  I ’ ‘ c- - c -c- -



a

c - _ a c -  - c - c - n - c -  b 1.1 c- . :c- - ; - ;  c - c - c-c- _a, _ a c c -~
c- Ic-c- c- ’c - c - c-_ac- c - c - L ’c - i  c - c  -c - c - c  -- ‘ c - _ a c -  1 _ a c - c- 

-

th a t  c-c -n - r i  c-- c _ a: c - c - c -  c _ a c - _ a c - a t  E_a t , a’ .c - c- _ a L U r c - ’ i_ a c - n -  _ a c - ,c - - c - f c -  a i i n- c - c - ’ a ) c - ) i c - c - n  c- ,nl . ‘ c - c -c - c  -I c-_a c - c - S I c - c - i

a c - a -  c - c - E a c - n - c _ a c - c - ,c - c - i  t o  a l l i c - c - ; _ a c _ a c - c -’ - c - i b c - c- c - ~- I ’ . - c - n - _ a c -._a ’c- n - n , t i _ a - cc - c  -is rc-o n - c - c c - a t

c - c - n -Si c - _ ac - _ a _ a _ a c - I  to ta_ a_ a I c - c - q c- c - s c - _ a c - _ a c - i c -.,- or h _ a c -  c - _ a -c- i tn - ic - i _ aq c - c - I’ t n - c - _ a  I i c - c - c - _ a  -

Carb onell  ( 1 9 6 6 , fc-I , - _ a ; I r c - i C b  I . ’ , - . I c-
~ 

) a t , t c-c - c - _ a c - I c - I c c - c - i  to cc - v - - c c - c - n - c - c - c -- - r O n c a , c-

o f the  - c - c -y_a ’c - c - 0 l i _ a c - c - i t c -’c -t i on s  by dcvc-_a l ‘ - p c - c - _ a c - _ a  c-c - n c - o c c - c -c- ’l 0 _ a  v i s u ’_ a l c - c - c - c - c - - c - _ a c - i  i c - c - c - I

which i-c-ad its roots i c-c- c - i c - c - - c - n i  c - u _ a th ’c - _ a r y  . i f  t i c -  - hum .c - c - c -_ a .i.s c -a S a _ a u c c - _ a n - c - i

to be c-c -c;ir_a c-~ln— chc - c-a_a c- c-e l pr . c - c -’ _a c - a c -- _a c ; c - c - r  , I _ a c - c c - _ a  c - c - c - _ a c -.- is i c c -c - i  Ic-u -I c - n - , ’ c-c - c - c-t .1 c-c - na

ti_ ac t t h e  v _ a c - r i o -c - c - s ic - _ a f o i c - a a c - c - t i o n  c - a O c - c - r c _ a c -c-_ac- s , i .c-. c-,., ic- c -_ a sh  r c - c c - ’ ; n - c - c -  bc - a , c-c - c - n c -  c-c- u Uj )

an_al c-c- c- al t  their turn to b _ ac - c - inn - _ a _ ac -c - cc - c - _ a c - c - i. c- _ a c -c - _ a c -  a c - _ a n - lyc ;i s  c -c - f _a- .c - c ” c - c - c - n i c - _ a . _ a

can ti_aec -_ a be approachcc-t_a as a c- ic -obl n- :n in c - _ a c- c-c- - c - c - i c - c - c - ;  t i _ a c
_ _ c - c -ny n-nc-I 0c-c-c-i

cc-_an arrive at est .irna ties of I c - c - c - _ a  c - c - r n - b c - nc-n- i i  i _ a  y cii c-_a t i n _ a c - u t  i c r _ a  of

s imul  taneous  den_a _ac- n c-i s , t h c -
c-

’ probc-c -c -c-b i i i tv  c l i , c - ; t c - c- c - h _ a c - hioc-_ a c - cc - I c - - n - c - i  I_ a i c - c -

times, a_ac-c-I esti r_ ac -_ ac-tes of tb_ac- jc-robc-c-bii c- t iv  tic - cc - at n y c - c - a c - t s  of ic -c - i c- c - _ a n -- ca I.

c--c-ill be missed.

Carb a _ a n - i . i  c-s ic- - c - _ a c - i- c - -i is c i _ a c -c - _ a r U .’ a c - c - .c - _ ac - c -’- c - c - c - _a c - _ a c - _ a r c -_ a l  c - i c - c - I c - c - c - _ a c - n c -c - _ a f l c - ’ x i ic - i n

than tb_ a_ a mn-c-Ic -c- is p_ a c- cc -c -i c - c - c -c-_ as 1 c - _ a  cli 5 c c - n _ a c - a _ ac _ a  . in  c - a n _ a c - li I , ion , i, tc- b c - c - a

a c hie v e d  good z c - c c _ a c - r c - c c-y la _ a  c-c -vc - c - i I c - i c - I c - I n _ a _ a  s I c - a c - ly of c - c - c - c - c - c - n c - c -c - c - c -c-c -c - Ic - c-

ln-nclinq. P c -_ ac - v c -_ arth c -ic_a n - _ a ; , Ic-c-c- ’ mo_ al _ac- i i_ a c-c -s c -_ ao l  rc -.c - c - _ ac - -v c -’cc- cl c - all , t i c - _ a -

p r c _ a _ a i i o u c a i y  n i _ a c - _ ac- l i _ a c - c - i, I c - c - t i c - n - c - c - - c  - c- ’ c- - r i _ a - _ a c - c -” c c - c - i c - c r c - _ a c _ a n - c _ a s  i c - c - c - c -  ic; c - _ a- b ’

a _ a _ a n - a c - u n_ ac - - _ a - c - I f_ a_ a r; i _ a _ a d c -. c - c -. c- c - b , I _ a _ a c -- c - c-c- c - _ a c - c - c-- c - c  of I _ a c - c - - I c - a c - : _ a c -’ c c - c - ( c- c - c-c- ’ c - c - i t c - c -c- I - - -  c- _ a _ a - _ a

a sin c] i c - c -—ch , c -n c- ’c - - c - _ a i a c - _ a - c c - c - a c -- a c - _ a _ ac_a c is _ a_ a c- c - - i _ ac-c - n c - _ a 1  tcc - i_a l _ a c -  i c - i c- - c- c - a c _ a l I c - a - - i c - c - a _ a  c - _ a -

rc - cc - _ ac-_a tc- c-i c - c - - ‘ c - c - c -’- - Al c - a’ c , n- - i c - _ a c - i I c - c - - c -  c c - c - c-c - n cc - c - ~
_a I c - c - c - a  1 a c -c - c - c - _ ac - - n _ a t c c - c - _ a c - S c - c - _ a - I .  I c-c- I c - c - c -c- c- -

c - c - i  t i c - ’ - c-c I - 1 , c - c - i l _ a c - c - c - c - c -  _ aI c- ( Ic - c  -n _ a c - c - c - c - c - c  1 1 c-_a_a l - i  i c - _ a _ a c -  I t I c-c-c- I c - ac - c- _ a- c - c -  c - c - c - _ a  c- ’c- ic - c - ‘ a

c - _ a ac - c -_ c - l c _ a  I - - - I i c-c- c- c - c - _a c - _ a c - _ a c - t _ a _ a  c - c -  c-- c - I c - _a c - i  I c- , ,b_ tc- c - d c-_ c-- c-_ a l  c - _ a bc-c-’ _ a - c - c - j _ a _ a t  c- c - c -  ( a - c- a t i c -  a t

c- c -- i _ a c - _ a c - c- c - - Ii i _ ac - c _ a _ ac- _ a- c - _ a a 1 _ a _ a ’ c- c - _ a  c - c -c - c  -c~ c- - c - _ a ”  ac - c - c-l ‘c - I  c - c- c- c- c - c -’ ~c- I ( ‘ c - c- c - c -  c- c- I c - c - i  I _ a c - n _ a _ a

t I c - a - c - i c - b ]  i t _ a  1 , _ a c - c - n t’ i _ a ;  c- , _ a I - c - I c - _ aj _ a _ a c - - c - c - c- T b  c - c - c - c - c - c -c - a r c - c -  L h , c - _ a  c - c - c - _ a l ’  t i _ a c - c- c- - c - - c - i c -

(c - > ’ t (c-c-_a _ ;j ’c- ’c - c  -c-;i _ a _ a i’ c- _ ac -’c-t’ i _ a c - _ac - c - c - c - _ a c -  c - c _ a _ a ,’ c- c-_a t , , c - , c - c - l i _ a . ’ c - c - c - i c - I  i a _ a _ a c - I ; , , c - c - c - _a c-i c - a _ a _ a ’ ’

i _ ac - c - c - I c - r c a  n-nc-i i c - c -’ c- _’ - ! i . t i _ a _ a c- c- c- c-
_

c - c - c- c - _ a c - _ a  i c - c - c -c- i c - _a
c - c - c - a c - c-

_____ __  ~~~~~~~~ -~~~~~~~~~~~ -~~~~~~~~~~~~~~~ --
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c- c- ’
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- c - -
~~~~~~~

-c- ,
~~~~~~

c - c - c-
~~~~~~~~~~~~~~~~~~~~

c-c-_ ac- - c - c - c - c r  c - _ a c- c _ a . 34-1 6 Rn-it c - P c - n _ a c  -c-_a c - c -_ a c - c - c - c - _ a c - I  I .  - ‘ c - c - c _ a _ a _ a c -  I c - c - c - .

Ic-i c - - a c -  , CL _ a c - nc - c - c - ’ c -c - I_a , c - c - _ ac - c - _ a i c_ a _ -c ( I c-_ac -‘Ic- 0 )  (c_ ac- c- - Al _ a~ .
_a _ac- ’ic- c- _a_a_ a t I l - c .  1, I c )  c - _ a c -n i 1c- c - c -

c-c-_ a c- c - c - c  -c-
c- c_ al  c-_ ac - 1

1 9 6 _ a _ a ) I c - c -- c- c- c-c - t t c - c - _ a c -c-p c- c - d  I_ ac - c-c-;I ’ c- c - t l c - e a a i z c - _ a  k _ a c - a c -c- c - c- _ ac - c - c - c-- c- - I  c - a  c _ a  _ a c - c - c - c - n j -, - n u c - ’ c - a n - c -c - _ a c - c- c - c - ic - _ ac - c-

nc-n-dc-c-c-al , a- - cl 1 1 — 1 0 0 _ a c -  dc -_ ascc -c - c - i b i. r c - c -c- j fc-c - cc - c - c - _ at c - c - _c - c c  - I _ ac--c - c - c -c- ‘ c -
_a , c - c r c - _ a l  c a _ a c _ a _a i _ a l ec - c - c - c  cc - f

C l c - _ a c - _ a c - c - _ a c - c - _ a,c- c o c - c - e ’ _ a c - n c - I i n c - c -  i _ a c - c - a c - c - c - c - c - c -  s i _ a c - c - a c - c - i ,  i” -c - c-c - _ a c-_a c - _ a c - c -”c a - c- c - c- c-_ a c - i c c - c - _ a  i c - c - f _ a c  c - c - tc-. _a c - c - c - n - c --y _ a c - c- -c-

d is : ,c - i c - c - v c - ;  i c - c -  c - c - c-c - i c - c - u n - i c_ac-c-c - t i c - _ al,. A l le n , Ci c-c-_ac-c- c - c - _ a c -, c- c - c - c - c - I  J_a _ a c- -c - c - a _ a c - -~ - : ; c - ’c - _ a _ a  El

ic-_an - c - I n - i  b r  Sac -c-nc-_ ac-ac- in g , cc-c- c- c-c-r c - c - - T ,inq , _a.c - c - c - _ al  nc_ a c_a c-c- c - c - c - c t _ a  c - an - c - c -i 0 _ a c -  t i c - n - t i  c - c - c - c - _ a _ ac- c -c -n -_ aL-c -c-c- c-c-_a :

(1) a c ju c -_ a c -_ a t 1 i c -_ a _ aaar, c - c - c - _ ac - _ a c l o a c - c - - - i n p c - c - t  ‘c - p _ a _ a r c - _a c - c - c - _ a t c - c -c- c - l  c c - c - c - s . c - c c - I c - c -c - a c - c -  f u a _ a u I c -_ a Lc c- _ a, c - c
-

wh ici_a nc-ui t i c - c - l ies the h u c - c - c - c  - c - c -  0 _ a c - c - _ a r c - c -  Ic-cr s cc_ a c - c - I _ al a c - U n - _ a c - a  c - I c_ a _a _ a c c-c -i b i c - c - g
f u n c t i o n  ( i . e .  , is i n s c c - r t c - c -nd ser ia l, ]. c-c- c- ic-c - the ca c- c- Inc_ a l - - i o c - _ a c - _ a c - )  a c - c - c l  ( 2 )

a b ro n - dh _ a_ ac -n c - 11_ a s a m p i , i n c -_ a  ic- n- c - c - c - n i _ a c - c - i t, c -- c- h i _ a c - _ a l _ a  c-a c-Ic-i _a; to Lhu b _ ac- _ a _ a i n  r n - c c - c-c - c - c-c-c t

ac -c -cl is desc: c-c-c-ibecl as a c- - ;id e— i,) _a a c - c - -,’i ( c - I c -c - _ a c c- ,_a c-~v a  t i o _ a c -  fl_a_ac- i c - _ a -c-c-_a ifl j c -.c - c -~’ I c - c- _ ac -  at

the pilot s pc-c- c - c - c c _ a _ a c - t i  u n - i  ,i c- ’c - ; c u t  . Tic -n - c
-

c-
c - _ ac -c -c-_a_a _ a c _ a  c t _ a c - c - _ a  1 c - I c - c - c - c - c  c i  b i a _ a a _ a  Ic- c - _ a _ a _ ac  Ic- i c - c - n  c-c

-

is usually s j c - c - c - _ a c - _ a. c- li ed  ic- c-’c
-~ an at I- c- _ a c - c -  c - a _ ac -  t i n - c - _ a  I c -_ ac t o r  k’I 1_a c-c - c-c-cl ac - c -  cc j l c - 2  c - - c - c - l _ a c -n t

sarc-c-pi ing deic-ny (T5 
) . ‘Ic-_a-ic-_ ac- v_ac- iucc-s of K a _ a c - c - i  rj c - c l a p _ a c - a c - c - i  n-c-c -sc_ac-_a-c - _ ac - c- c- c -c_ a

i n t e r v c -_ ai , _ a i c -c- c-
c-n-il f_ ac - c-n -bin - c- _ a, c - v- _ a _ a iq _ a’c- I- ic - ic ; of rn - Ic -c-c- i a c - f oc n c- :_ a ti _ ac - cc - c -, aflc.i c- _ c - c c - c--

of s i c _ a c - _ ac-c-c-l recoristruc tin-n c-c-sn-cl.

‘Ic- _ a _ a c _ a  c - c - _ a c - _ a c -coach of A l l_ ac -n , Cl _ a c - c - c - n - a L, c-
_

c - _ a _ a _ c -  i _ a c - : - :  c - a c ’ - _ a . : - l i o r c - c - _ a _ a. c-. - ’t , l a _ a _a _ ac -  c-
_

c- jon

dIU flc_ a c c-c-t y c - _ a _ a.;sc_ a_a c-cc-c , i ’ c - I c -c--c-i ‘c-’-c - i t h  •c - _ a ) _ a c - _ ac - c - c - c - c-, c- _ a c - c - c
-- c - c c - - a _ a c - _ a _ a c -  c-c- c- c - c - c - c - _ a c - c - m n - - 1s i c-_a i c - i c - c - I’

cc _ an t _ ac- c - c - i c- c --’.c - c - c - uirc-c - c - - c-_ac- c- ’ t’. s c - c - a- _ a_ a tc -c- _a c - ’ a ’ c- i c - c - t o  c - i c - _ a c - c--’ c- c-~~c - t  , c - a l _ a c - c - i t  i c - a c - c  -qu_ a c -i_ c -—

L c - c - t _aL;cc- c--c- a y .  In c - c - c - i c - _ a  i t i o a c -  th c -c- ;c - : ’c - : c - -:c- ’, c - a , c - i c -  Ic- c- s i c - e _ a c -  j c -~ c - c - ’ I i c - c -._a Ic - c-

vc -c - 1 c - c- a - c -  h - c -c - c - i _ a _ a  c- c-c - _ a  I c - c - c-c - c - c -c - I  c-- c- c- c - c i - - cc - c - ic - _ a I , t n - c - c -  c - a _ a  c - c - I c - c c - c  . c - i c - n :. - - c- - c- ’ , b c-c-c c - - a c - c - _ a c -c - _ a

c - _ a _ a - n - _ a t e ] c - accent _ au c - t i - _ ac Ic - c - - ,- c - c - cubi c - c - rn _ ac c - i l ‘n- c- c- li _a c- - a l - - b  i o n  t i c - c -c- c - _ a c-_a c - c - c - c -  c - _ a c - c - c - c - c -;

ft c - c - c - _ an - Ic - c - _ a c _ a _a c - _ a c - c~~_a ’ n - _ a c - - ’ I c -  t c c  i c - t i n - a t  c - c - c - i c - c - i  c- c - c - c - _ a .  C c - c - _ ac - c -’ c- c- c - c - c - c l  c- .c - c -~~ c - _a [c - i c - n - c - c - a  c - - _ a ’ _ a c - c - _ a c - c - ,c-

of c- c - -c- c - i n -- I  i _ a  c- c- c - i i  — 1 cc - cc - _a - c - _ a Ic- c- c- u -  c- c -  c - _ a c - a - _ a c -  v ic - _ a ( h _ a - c
-

c- c - c - c -  n c - _ a  i \c- c- I c - _ c- c - l i _ a ,  c - c -c - I .

s n - I n c - c-t c - c - a c -  c - c c - c - - c - I c - _ a c -c- c- n- ca c - c - a c -c - i  c- I _ a c - c - c  1 , _ a _ a c - c - c - _ a c -  c - _ a c - c -_ a c - c - , c-_a- i ’ - n c - c - a b c - c - c-_a c - _ a _ a - c - c - c - c -’

c - - c - r  L O U c- c - _ a - i c - - c-c - I  n e c - c- c - _ a c - c - a L  c-c- c - c - c -c -I ( c-c - c- c - a c - c - c - c c - c -, c- . :-: c - c -- c - c - c - - n , t i _ a c - c -- c-dc- c - c - a c -

f )c-c- c-,,c -_a._ a - _ a c - _ a c - c  i _ a ;  ~~i c- - i c - I n c-c- - ’ c - _ ac - i c - c - c - I -  _ a c - c - _ ac - , c - c - _ a c - c -  i _ a _a c - c - c - c - c - c -  c-
’ c-~ i c -c - c - _ a c - c - _ a c - _ a c -  c - I - c - c - -.’ c - c - - c - - c  --

c - a c- c - _ a  I c - c -  c-_c- ‘ c -c-  c - c c -  1 nc-c-] c - ac -  a c - _ a - a Ic-_a c - _ a _ a  c- c- I c- - i c -  - c- I ac-- c - _ a  , . c - c t  I I a - c- c - _ a - c-c - c- c - c - c -i i _ a c -  c - c  t a c- - c 
-‘ ‘ ‘

c-
c
-

c- c - c - c -c- c - c -  I i c - - - c-c- I l _ a c  c c - _ a c - c -  t . c - c -  - - ; I c c - c - c _ a  I. c-c- c- ‘ ‘ - c - I c - c- I c- c - - c - c-c- , C I -c - c - ,. c - c - I  I, c-c -i _a _ a c - C c - c _ a  c - c -  I

c-c-j 
~
‘ ) c - c - _ c - c-c-’- ’’ c - _ a - ‘c-- c- c- I ‘ c - c  -c - _ a, - - a I c- — - c- c - _ a _ a _ a  I - c- c- c- c -I ‘ — c- - . - c- c-_~ ‘- c l ’ c - c c -  I I c -a - a c -c- ‘c-. c-_a

c - c - _ a  - i c - - _ a c - c-_a - _a c -- a _ c - c -  I c - c - c -c- c - c -  - c - c- -, c - c -  ‘ c- I 
- c -‘ i - c - c -a i ‘ c -a c- - c- c - a c -  c - c -  i c - c - I ‘ c - c- c - c - c - - - c - _ a I

c - _ c - ’ ., c - I c - c - _ a _ a c - _ a  _ a _ a c - ’- ” c - c - c- c-_a -c- - ’ - c- c- ‘ . ‘ c -  c- c - c - I _ a , i - c - - ’ ’ -

- - ~~~- - c - c -  ~~
-‘ -“ -~~“-_c - ’_.c-c-—- —_ ~~~~~~~~~~~~ .- - - --_ .—- - ‘~~~~~~~~~~~~ . -~~~~~c-c - c -  _ . _- -c-~~~~~~~~~ -



I _ a  ‘ c - - c _ a .  I , ’ . 3 - c - _ a c - c -  c- H - c - i  c- c- c- - c-
i c - c - - c - I c -  ~ - _ a _ a c - _ a  b - c- c - _ a _ ac - _ a c - c  - r c - c - c- •

I _ a c - -c- c- c - c - c - c -c - _ a c -c - n - c - c- c - c - c- n - c -c- c - c -  I c - I  c - c - - c - c c - i c - c -  n - c - c t, n c - - a c - c - c - i c -c-,’ c - c - i  I c -~~~
’n-c-c- I I- c- u n - c -’ - a c - c - - c - c - c - c - c- c-_aL _a c - —

t,a ’c - - c - ,_a c- 1_ a c- ic - c-~f f i _ a _ a  ic - c - n _ at .. Ic - c - _ a n - t i c - c - _ a  ia _ ac - _ a c - _ a c - n t _a c - a c t .  c - c -co _ ac-c - c - c - _ a c - c - c- c- _a_ a  I c - c c - I  I _ a c - c - c  -‘ c- c - c - -,

1, 0 cc - i ; 2 - c I _ a i _ a , i _ a c - _ a J  r c’c-c- c - c - c - _ a c - c - c - L  c lo c -’_ac-; c c - _ a _a t  c - c - _ a c - c - c - _ ac - n  t _ a _ a  _ a - i e l. d c - _ a n c - t i c _ a -i y c - i c - I _ a c -c-’ I U , ,,c- t c-_a

i c - cc - c l Is ( - Ic - i eh c - c -~ c - - - c- _ a c - _ a _ a i  Lc- i c - _ a c - i, 11971) - P c - c c - c - c - c - c - c - c - I - ”  r n _ a c - c - c - _ ac - c - c - I I ’ c - ” _ a ’ c -’ c .c - ’ c - - .’ _ a c - t  c - c - c -

t i n - _ a c  is , of cc- ’ c - c ; c - r S n -, c-’c - _a r y  i c - c -’c-~ c - _ a c c L a a b  Ion- n - c - c - _ a c - d i n - t i c - c -  I c - c - - r t o r, n c - a a _ a c - _ a ’c- . _a

c-’ c - i t~~n 5 c c - c - c - _ a r _ a _ a n _ a _ a  b c - c
c- c - _ a c - c - - c c -  t h is  ‘i _ ac - in-v_ ac-_a i c - _ a) I

~~ c - c - h i  -c - _ a _ a c - n - c - c - c c - c - _ a c - n - _ a c - t  s~ I c - c -  c- b i n _ a . .

bc-c-roc-c- and K l - n i _ ac - nc - a’c - ac - (1968) ic-ave pc - c - c - n -c- c - _ ac -s - c - _ a c - i  c-c -sc - _ a _ a _ ann i _ ac - ”. ; n _ an- _a _ a l_ a 1

( c - c -  tic-c-c-ct b-_a - 11 (
‘c - I f o r  c-c-c-ncor~_ aco r a t i n - c - _ a  in t i c - c - _ a  (_a c-

c - c
- _ a  c- a _ a c - c - l c - nc - _ a c - c - _ a c -  c - c -c -c - c - c -c- i, € i c _ a c -. I

c- it  ac-c-cl a c - c - pl c - i c c _ a  i t  in a VTOL 1c - c -,:c - c--’c- c - r  I c - c - a.a}c ( F ;  a r _ a c - c _ a  , K le i  c - c - c c - c -  c - c - _ a , et  c - c -1

1 9 7 0 )  . Th c-c - b c -n - c - a in -  a s s u a c - c - I c - t _ a i o c - _ a  ic -n tIc-i _ac- c c - _ a _ a n - c - i c -c - i  I S  t i _ a - c - t -  ti_ac p i l o t
Cl _ a _ a _ ac - c - c --n-c-c- _a hi _ a c coc-_a Inn-i i n p u t  a c-_ac-I h i  S S _ a c - c - _ a c - c -c - c - c -  c-i c - c - - a  s t _ a - c - c  -t c- c-b-’ t_ao c - - c - i n - i  c- ’ i a-ac - c -

t i c - cc -  c_a ‘c -_ a c - c-c-c-In_ ac-tic co_a I func I in -c-c-n-i dc - _ a _ aa n - r i i c-b a c - c - _ a  hi c - c t n - c - _ a k  c c - c - c - c - u i  c c - c - c - _ a _ a —.,’ a c - I a ;  -

The s-._ac -c- ;c- ni c - c - c - ’ _ a  s b r _ a c -  t c -c-
c - c - ; y  i_ a ; dc_ a I a a_ a _ a- b bc -

c-
c- n- SC_ a t n-f p _ a _ a r c -c - c - c - _ an  tn-cs ( a c -c - n -  n c-c - c - _ a c - c-

c _ a c - c -  C. I t i c - _ a c - -c- , sn-c-c-c -_a C r e c j c - c - c - c - c - c - c - a y ,  etc.) c- - c - c - c - i c _ ac- in tu n ic - c -a c-c-n c - _ a _ a _ a ’j _ a c - : a I -  -c-_ a Ic-n-

r n i n i a c -c - i z e  c l o c c - c c - d— 1 u n-p  n - c c - c t .  T i c - i _ a _ a  n c - c - c c - I c - c - c -I is t h e n n F c - c - _ a- c _ a  s u i b c -’ c -b i -c- for

c- i ca_a:Iicb i a n _ a n .

‘bn
~~~y c -, - c- c-c-c- u c - _ a _ a  -n- c - c - c - c - i  c - c - _ a c - c - c -c - c - c- c - I c - a c - c - n - a c  o h  fc-c-c- I c-_ a c - c - _ a c - p r o c - c - c -c- c - _ a _ a  In c- a n - c -i c - c - c - i l  c - _ a c -c -

c - a c - c - c - i _ a n - t ic - i _ a c - .  T ic - c c - s c - _ a c - a_a l inq n c - - c c - k ’ ] ,  L a  c - - _ a c - c - - c - _ a _ a _ a  1, 1_ a n t  t h e  i _ a n - c - c - c -  c - c - _ a ’ s nc- ’ c- c c - I~~
t o r i c - c -. ; _a~c - c -

c-, c -  ‘c- c- c - j~~~~ c- ’’c-’ - I _ a ~~~c - _ a c-~~_a _ a U _ a c - _ a _ a c - c -  the  c - c- c - _ a r c - _a r c-c - i  _ a c- c c - i _ a _ a i n - c - c - a _ a _ a n - a c -I c - _ a c - c - c - a c - I  - .:c- . a c c - t _ a  c - c - _ a

- a n - I c -i c - c - ac - c - c - i c - c - c - ic - c - c- c- a-c - _ a c - _a c-a c- I - c- -c- iy  - Corn _a c - c c -  I . c-c- c - _ a c - i c - a c  c-c - _ a _ an  i a _ a c - i  n - I n _ a c -  I c _ a - _ a c- C c - c - _ a  n - c c -’-

c l e I - ,c - r c - _ a_a . n and c - c - I  c_a s _ a n - n t  i c-c-l l y I c - Ic - c - _ a c - ;c - c - c - c - c - c -’ I I c - c - c - n - ;  c - a c _ a c -_ c- c - c - c -c- c - a c - i c - _ a _ a c -  t 1 n - c -  1c-c - Ic-c - _ ac - c -c - - a c - t  _a y

i t c - ~ c - c - I  j, c- ,
c- c-c - - c c - . I  i c - c -c - _ a ” _ a c -. c - c - - c - _ a I n - c -’l , c - _ a ac- c - c n - - _ a - ( - c - a c -.c-c-_a i c- c - _ ac _ al n- c- - c - _ a  i c - c -  c - c - c -_ a n c - cc- - c-~

c- , c - c - a I _ a c -  c - I

re c-jc-c- I c - ’ . . i ic--. - ~ _a c - _ac - c - a a i ~~
c- ,] c- c -c- c - c - c  I cc-_a c-c- i I n c -. c -  c- ’ l. a c - c - c - _a I .  c - _ a c -  c- c-- _ a c - a  - i c - c - c  c - _ a a ‘c- c - c -” ’ c- c-c- _a i c - c - c -_a

c - a n - - c - c -,,, c- - c - c -  c - c - _ a c -c - c - c - _ a -  I n-a . c-c-, c - ac- ) , n - c - _ a - - c - c - \ c-c- 1 b c - c  c - n - c - _ a  c-
_ c - I _ _ c- c - c - c - c - c - c -  a c - c - n , _a 1 I c c - c- _ a , ; n-c- c - _ a c -- ‘

c c - -. - r _ a  - c c- c- ‘5 I c - c-- c - c -  c - c - i c - _ a  I - - c - a - c-c- i c-c - _a c -  cc- 1’ I c - c -  c ; c - a c - c a _ a  a I c - c -  I c - _ a  I c - c - c - _ a a 1 1 1 - - c- C a I c - c - ac - c - c -c - c ;  I i l - i c- I c- -

c - c - c -  c- c-n- c - - - , , a I I ;  i c - ; c- ’ -c- n - c -  a i c-_ a _ a ’c-~~ c- c - c - c - c - c - c - c - c  -- ic - cc - - c - _ a - _ a  c - i c - c -  I c c - _ a  c- - a c-c- . I - I _ a n - c -  I c- c-’ , I I c-c- c-

n-Ic-c- _ a c -  c- ’ ‘ c- , ’ - I _a I I c - c -c- 
1, _a -

c- c - _ a F Un : c -c - _ ac - c -  c - c - c - c -  a a c c- d c-_ a ,c - I _ a c -  a c - c -  I n - c- c - c - c - c - c - _ ac- c - _ a  c- c - - c- c - c - c -c- c -- a - I 1 . 1_ a I c - a

- c - c - - c - c - a  c-_a c- _ a c - - I c - c - c  -- c-p c-c- a c - i  c - c - c-_ - c- - c- _a
.

, c - c - ; .  ‘ c c - I c- ’a ’c- ; v - c - I . c-_a a c - c - c -  c - c - a -  c - - c -  c- c- - - a c-c- i I c- c - c - c c - -c- I I _ a

c - - c - c -  c - c - c - c - c -i c- c-c- 1 c - c-c -I c- c- -c a I c - c -- c-c- rc-c-- - _a - c- 1 I _ a ’  c -1 c- c - c - c - c- _a c - ’~
c-’ c  ‘a ’ c -c -c -c - cc -, ’ . ‘i c - _ a i c - a

1 cc- c c - c - a I I c - c - — c - c - ,  ‘ , c-, , a c- - c- - c - i c - c -c - _ a  - , - c - c - c-c- c -c - _ a c-c- c- c- - c- - _ a c-’_a c- c- ’ a .  c -i c - c - c -c - a I c - _ a c - c -  I 1 c - c  -I

_a c- i i c - _  c - _ a c - I - c- c - i - c -  c - _ a - _ a c  - _ a ’  ‘ c - c-, - ’ ’  c - c - c  - c - c -  



i t c c - j c - n - c- . I b c - c - . 3 - I - _ a _a 
, 

I _ a o l  L I_ ac - c- c -_ a. c-’ - -k c - c - c - c - _i I _ a c - - c-c - c - c - c - c - c - c - c  - I c - c - c -.:.

r 1 c - _ a c - c -. c - c -c - c -~ _a ’ ; _ a _ a j _ a _ a c - _ a  c i ,i lii i a ,’ c - c - i  I_ n - c - c - _ a c _ an - n - i n - i n - c - c - _ a  c- c- c - c -  I c - c - c- c- - ‘ c - c - I ’ l l  c- I c -  c - _ a i r _ a n - _ a c -c -b ;

‘_a; c-c-_ ac-.L c -’j c - c - pp _ a _ a c - c - c - ’ b_a ) b,_a t _ a;~ ( , c- , c-c- _ a c - l - c - L j , _ a i c -c- c - i c - c - c - c - n - i c - _ a c - c - c -  i c - n  _a ’ c l _ a ; c - c - - c -  t a c - - ( c - c - c - i  i c - c - c l .

c- ; c - c - ac - c - pl i n c j  p r o b l em .  T i c  - t I _ a c -. _a L. c- c - c - _ a — c i,i c - c - c - c - la y  n -n - ‘ - 
c - n c u c - c - c - c -c - _ an i, _ a aal c - c c - c - c - _ a r c _ a c -

t n - c c - I c - c - u _ a c - c - a c _ as c - c - . r
c -C  e_a i - c - - .~ c- ; c -bc c - c - _a c - c - i  r e t  i c - n - c -  _ ac-c - - c - c - ’- - c - c - _ a [ a _ a c -c- c- .. ’ ‘ c - _ a _ a’ c - ’ c - cc - ’ tic - c - _ ac - c - c-

Ic-c-- c-_a d i s c - c l a y s , a su it c - n i c -c - l , c 0 _ a ’ i c - _ a c - c - c -  i. ; _ac-’ti.oc-_a c - _ a !  c c - . _ a r , t I_ ac - c - _ a i_ a c - nn - Cc -’ c - c - -’_a c- -a _ ai c-”c’

c - c -nd  the c - tc -’c - c - c -i~~~S is  ic- _a ; l i _ a - _a c- c- c - i c-c -I_ an b - c - c _ a _ a - c - c - c - c -c-c - a c - _a _ a i ’ _a ’ c - c - , i, c- c - L , c - c - _ a -c - c - c-c - _ ac- c-_ a , not

c - c - nc - _a C c - _ a  c-co tc - _ a -c- ,n 0 Ic-inn c c - _ a c - c - c -  c- c - n - c - -c-n-
i - c-_ a

A f i t _ ac - _ al, c _ an - c - c - c - _ ac - _ a _ ac - _ a_a . C c - _ a _ a c - c c _ a c - c -  La _ a c - c -  _ a _ a _ a 2 c - c - n a i l i c - _ a C !  r _ a c - e c - i e l s  sec _ ac - _ ac c - c - i c - _ a c - c -’c - c - I’ a r _ a  c - c - I c - _ a.

E_ a-:pc - ’_ a c- _ a Le flcc -_ a sc-_ac- _a _ ac - - c - _ a to i c - c - h i c - c - c - c  -I _ a _ a t i c - cc - I_ a cho i c c - _ a c -  of c-_a _ ac - c -’c-_a c-’c-’ :i _ a c -c - _ a c - _ a t . _ a ’ c-’i l ’ _a c- c-’ _ ay ,i c - c

i_ ai cc-_ ahl c-c-c-’ 
i_ a I , i o s y r _ a c c - ’ c - _ a l i _ a a  a _ a _ a d  t i _ a _ a _ a l  t h c c - _ a ’_ac- i s  c - _ a _ a c -c- c-c- _ac-t _ac-’ c - c - n i - c - b i l t i  c-c- c-i c-_ a n - c - c - a _ a c -

p cc - t t cnc -_ aca c-c-nc - c - ’_ ac - _ ac j  subjects. c - n _ ac - O _ a c - c - n a . , _ aa ,1e , _ a-I- _ a c - c _ a ’.c - c -’c- c - c - c - c - a c - c - i  L _ a c - _ a a c - i  ( 1  c-_ a71 ) ,
in de sc_ a _ a c - i b i n c -j  t i _ a c - c -  r es’c- c - lc- t cc- n - I  a cc- L : c - c - ly to ver i f y t i c - c -  c - c - c - _ a c - _ a c -- c - l I . (c-t

Al i c _ a n , C l _ a c - n c _ a _ a c - n t, a_ ac -cl c-Ic’s , s t n- t c._a t i _ a c - c -  foimn -c-c-c-,i.n c-_a

‘c- The p i l o t—  sub j  cc I _ ac  c - _ a b c - c i a _ a ’ c - - h di I fo r e_ a c - i c -_ a n - c - c - c - nc - _ ac_ a -c - - c - c _ a c- c - c -c - i c - c -- _ a
a a c - _ a - _ a _ a  S c - c - c _ a c - c c - l i _ a c - c - _ a  s c - r n - I c c - _ a  ic - - a c . I _ a _ a l ’c - j  c-_ a c t _ a  ; c - r c -. l  c - ’ c - _a c - _ a i c - ” ’,’_a in  d .i_ a c -; c - l  c - c - _ a’

o ric- rc-ta t_a c - i o rc - , c_a c - c - c - b r _ a c -i s _ a ’ i c - _ a l c - c - ;  , c - c - i c -_ al _a . c .i c - ; - c - c - I c - c- c - , i , c - c - c -’ c- t c - _ a c - n - _ an c-’il n _ a - c - c -’ _a ;

c-c-c-c-c-c- c-c- c-_ ac - c-_ao l_ ac - c-I to n _ a  1, _ a c - - c - a _ a c -  c - c - c- _ aTc - Cc - c - c - c - c -.c-. c - c - c -. c -bc - _ a _ a c - c -c - c - v _ a r c _ a _ ac- . 
c - c-

c-_ and

c-c-
c- c- c-;ubjc_ a cl nc-n a y ac-just h i s  s n - c - _ a c - _ ac - c - ic - _ ac - _ a ~~ t . _ a _ a c - t c c -c- ’ ’_a_a ( i .r c- .,
S c - n _ a c - c - c - !  i c - c - c j ,j _a_ a~~_ a c -. _a c c - c -c- c-- i l  c - I c c - - i  c-I - c - a c - l i. I n _ a c - c _ al i c c - c - c - )  t a  c- c- c - c - _ a ’ c-’.t_aai c - _ a
c- c - C c - a c - : p t ’_at i c - l -, _a c-_a -c - c - I c - c - -n-i oc-_a c -’n  I c - c - c - ’  c- - o n - In c -c -i tn-u -n - c - .  1 ) _ a c - c - I c - c - c - ;
1 k _ a  c-n -c-; (‘- c-- c - c - - c - n c- _ a _ a c -. r c - i- , S -

c -arc- c- i ’; n - _ a i-~ 
a n_ a ic-c-’ I c -  - c - _ a, c - _ a c- j c -  c

- c -  c - c - c - I ’  c - _ a _ a c - I
I_ an- a c - -.c-’ c- - c- , . I_ a [-c_a c n _ ac - - c - c - _ a c - _ a c -’ - c - c - j c - _ a  c - c c-_ a c - a _ a c - c - c -  I c - c - - i  - c -n - n - I - ‘c - c - a - c -, c - l i _ a _ a

c - n c - a l  y i n - i d  I _ a c - _a i c - r - _ a c - l i - In -cl n c - c - a _ a r _ a c - _ a  o f  c - c - c - i _ a c -- c-c- c- c- c- c - c -  . c- I i c - _ a
c - c--- c -nI ne ,] 1, _ a _ac - i c-i _a c- c - n - c - _ a c - i n.a  ;‘ .“ ‘ iTh, ? c h , c - a a c- _ a c c- a c- c - a r c -  c- c- , .  - n _ a n - I c - c - c - c -i c - c - I  I nc - c-
c - c - Ic - c - a i c - i _ a ’ - ’ c - c  c-c-- c - _ a  cc-c- c- n - I . I c- c - c - c -c - _ a c - c -  I

c- 
rc-c- c-c-c- ~, _ a c - c c - c -  ;c- _a c - c - - _ a c - c - _ a  c - c - _ a  c - c -  - , , -

c-c -‘- .1Y ’ i _ a n - c - c -  c - - - - r - c . i _ a  c-c - _ a c - _a _ a t  , Ic - c - c - c - I c - i  i c - c - ’  ( a  I ’ a c - c -  - 
c - i _a (c -c - _ a c - _ a _ a-a - --’;

c - c - I  c - _ a c - c - _ ac- c - c - — ]  c- c- c -_ a c - _ a _ a c- c- c -c- c- c-’ ’ , . ~c - ’c .a c c - -c - i - n I c - c - n - - c -  n c- _ a c - a c - - c - c -L i  c - I I ~
c -c - a c- _ a _ a c - c - _ a;- c - c -

c
- c - ; -

c-
c- c- — I c -’c t  c- c - - c-’ c- _ c-- c - _ a - - c- c --c - c - c -c - c - _ a c - c - _ c - _ a. - c-a c- 

I c - c - I I c - - c - ’ ’ ’ ’ , c - c  - _ a ;  c-’c- - c-c- a _ a ; c - c - c - c - I  \ ‘ ‘  - _

c- - cc c - c - c - c -  i .~ V -  - to c - c - i c -  c - c - c -- c c - ;  i _ a c  -a ;~~~c-
c- c - _ a c -c - i i c - c - c - _ a  c - c - I _a ’ c- - - — c - _ a  y n - c - . ‘ a ’ - c -c- - c- c - c - c - c -  c - c - c - n - I c -  I - n c - c - c - c -  c - c - S

• c- c - c - ’  c - c - c - c - c -c- c-
c -c- - c - . ‘ ‘ c- _a c- c - c - c - c -- c - c - _ a c  -I _ a c - c - c  I c c - c -  c c - c- c - - c - ’  c - c - c - i c - P1 c - _ a c - c - a _ a c - _ a c - a c- _ a

c - I c - c -  c c- c- c- - c- c- c- 1 c-_ _a c- c - i :  c
- . I ’ ’  ‘ c -  ‘ c- c -c - a _ a  c- c- c- c-- c - _ a _ a - c -c - n



i _ a _ a c - _ a _ a c -c- I b c - c -  - 3 c - c- c -_ a _ac- I f _ a ,  f _ a Pc a c - _ a _ a -c- -I : c-c- c- - c- l c - - c- -
’ , , ~~ c c - c - c - c - c -c- .

I c c - c  11_ an - v n n i c c - i , c - i  i i  Ic-y c - _ a . _ a c -c- c - i c - _ a _ a  cc-nH- -n - I_ a ; I _ a c - - n c -. - i _ a  c - . c - I  a c- _ a c - c - c - c - c - L  b c - I  tc - _ a

bc- c- c - _ a c - _ ai c - c - c -~c - c - b y c - c - _ a _ a - _ a _ a  c - i c - l _ a c - ” _ a  L i _ a c - c -  ~
c- c - n -  - _ ‘ i c - a n -  1, _ a ’ ” _a c- t: i cc- _a I n - c c-. , c- c- c-r c- c- c- c - c a c- Ic -c-- c - c -

c-I’
i

_a _ a c - c  -, I f n - n c - _ a  I c - c - i _ a -c- f_ a_ a c - cc - c -  I - cl i c - _ a _a ,) c - ’ c - cc - in- I i _ a _ a c ;  p -_ a c-’ f_ a c- , c - _ a c - c -
c
-~c- , a c- c - c -I c - c - I d

c-c - n -  L y cr u .1c-c-_ a r an -de l  of  s n - c - c - n f l  rig c - _ ac -  c - y  i .e a - _ a - c- c- i c - c - c - I n - .

2 . 3. 13 I-i-c-c- a_a _ a c - _ a _ a l Cocc-I_ar_ac-i I-I_ a _ a L_a c_a l_a_a fan- c-c- c--c - _ a _ a c - c - _ a _ a  in c- c - c -f

n c - i _ a _ a _ a r c-_a, h_ a_ a s L.a , c-e c-_ a c-c -sc-c-n b _ ac - I c - n c - a l  in-], coc-c-cern w i t _ a c -c- c - c - c - c - c - i c -c- ] c - _ a c -c - c - c - _ a ; of

o _ a c -_a c - c - c -~c-c - I c- c- n c--c- u n _ a ;  in -c - c -b in c - c - c - _ a c - a c -  LI c - a l con t n -a l  . I _ a _ ac - c -c - ic - 0 1 fbi , cc c f f o rt  h _ ac - _a

ic- c- c-c- - c-n- c-c- i _ ac - _ a t i c - - c - c - t_a c_ a :1 by r n - se c - a  rn -h  in air — n_ ac - It  I c - _ a c - _ a c - c - f  L i _ a _ a c - c -  ca u , c- l i t_ aics c - c - c - _ a c - i

p lot api— ic-n-cc- . i _ a c -,,c - c - -c -eve r , c - c -sign- i  .I i ca ac - t c-c --J r i _ al n_a_a n-f t i c - c - _ a _ a c-c- c- _ a c-n-c - c - rn - i_ a

is relevant to i_ac- c-c -sic qc -,c-c- c - c -_ a _ a s t i on s  of Ic-c- c-c-i ’; i c - _ a t c n f -c- - r c - c - _ a _ a c c -c- c - _ ac - c-c -_a t’h

effects of c-c-ttentic -n-i’ -sh zin ir_ ac-j on _ a c -cc --r f o c - c - c - c - _ a _ a c - c - _ a c e.

t i c - c -c - c - c -’ is f c c - c  p r _ a c - c - I  in -  I ic - _ ag n - p e r _ a c  - ton i c - e r f o _ac - rc - c - r c - _ a_ a ,c -n - cc-nd c - - c - c - c - ri; Ic’ :i .1

m u s t  tc - c -Lc -c- ’_a i n t o c-n c-c- cc - c -_ a unt  the e f f ec ts of  i a _ a t e c -’c - c - c --t i  c - a c - c- ; aa : ’ - ’~ c - _ a c -- c -  c ; c - - ’ _ a c - c- c - - c- ’c - l

c o n -t n _ a c - i  an _ al /_ ac -n c - c - c - - s c n i t o r  in c j  t a s k s .  I - I l _ a n - c - c  - o n - _ a _ a r t  v i s u a l  s _ a c - c - c c - _ a c - ]  ic - _ a -c- c-
is i a _ a v c -c- c - ] . v _ a - c - i , i, t i c - c  c l_ a c -_ ac-c- n 1. _ a c - _ a _ a c -  t i _ a c - _ a r e  w i l l  c- c-c -” c ic- ’ c - _ a _ a _ ac- c -’I , c - t l . _ac - , c- t i _ a n - c -

s _ a _ a _ a c _ a c - ]  c - _ a I_an-c- _ a c - c c o u n  I _ a - _ a _ a l  fe_ac- ic -_ a cc- c - cc - n - c l _ ac -], f_ a _ a r I_ a _ a c -- c c - c c - c _ a_a c- c-_a I c - a c -’. c - i c - i c - c -c-

c- i _ a c - n c - - c - t i  on of c -_ a c-c- c - c-c - _ a n - i _ ac - c -c - c - - c - c - c h I c - c - _ a d  I _ a _ a c - c - a  bc -t n- c-c- L c - ’c - c - c - _ a t e -, _a n -v b _ a’ _ a _ ac - ic nc -,a ( _ a ~c- c-c- -~ ),

_ a - c - i c - n -  cc-nc - c-r Lv ca c-l c - _ a c - n  cc-c-_ ac-c-c -- c-c- c-_a s j o _ ac -  In- c-c- ti_ ac -c- f c c - c - n - t i  0_ a_ a 01 I i c _ a - _ a -  I l _ a  c - I i c - n _ a n _ a ;  I

bc-c-c- d c - _ a ’ , - c _ a I c -, ’_ a l  to a c - _ a _ a _ a ,  van d i n - c c - i  c-c-v g i n - c c -c- _ a I l _ a c - c -  c- - c - c - c - _ a _ a c - i_ i ‘c- c - - c - i c c -  c - c - c - c - c - I  1._a c - c - _ ac _ a c --c- ’1 c - _ a c - I _ a c -

(c-f I_ a l_ a c c - _ a i s c - c - l , c - v c -. ”ci s i c - c - _ a c - c - c - i  c - c - c - _ a d t h e c - c - c c -_ a c - n - i c - c - c -c c -h I _ a _ a  cr_ a a ’ c - _ a c-. _ a _ a  c - c - c - _ a  c- c - n _ a n - n.

i- h am l _ a ia i.s _ a c -.: l c - c - t . : onsic - i _ a c , ti _ a- ’ t c - - _ a c - c - _ a  c- c - c - _ a c - - c - c -b c - c - _ a _ a c- l c - c -~ :- ,,c- c-1 o _ a _ a ‘ a c - c -  i c - c - c -  c - i

cc - i c - c - a nc- c - r c - : n c - r  by c - c -_ a ; i c - ’c- c - a c -  _ a-n - c- of’ d i s c - c - i c - c - _ a c -; cc - _ ac - c -  ic-c- c- c- c - _ a _ a  c - c - I c c - ]. 
c-_a c - _ a _ a c -c-

c _ a c -_ a t -n sioc-’c- cc - f  t , i c - c c - c - n -  i _ a _ a c -  c-_ an - to c - i c - - c - h i c - _ a _ a c - ;  i c - c - n - c - a l _ a- i c - _ a _ a c -  _ a b o c - c - c -’ c - _ a c - - l o ’ c - _ a c-
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